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ABSTRACT ~ 3
, The papers and research reports comprising the ten i

chapters of this monograph were originally prépared as background A

information for a national study of engineering technology educatio

in the United States. Chapter 1 briefly -describes the historical and

contemporary settings of engineering technology education. After

Chapter II provides information on the‘characteristics of engineering

technalogy ¢urricula and:a tentative classification system for

conten't areas, Chapter illustrates the kinds of curriculum guides

which appear in the. cat of -two-year institutions offering

engineering (technology programs. Chapter 1V describes some of the

aharacteriséﬁcs of the mathematics, chemistry, and physics courses

taught as part of the engineering technology curriculum. An overviey

is presented in Chapter V of the process,of accreditation, especially -

in relation to the engineering technology field. Chapter VI reports

on a study of engineering technology faculty, providing information

about characteristics and attitudes.. Chapters VII and VIII provide -

results r studies of .the characteristics, perceptions, and

activities of-engineering technodlogy students and graduates. Chapter

IX considers issues related to the certifigﬁtion of engineering

techricians; while Chapter X concludes the monograph with a

statistical model projecting the future of engineering technology

education. Appendices provide a list gf institutions offering S/
/’educationa technology programs, survey instruments, enrollment

estimates/ and a bibliography. -(AYC) -
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- PREFACE )

+ ., This book consists of a collection of papers and research

reports which were originally prepared by the author asebackground
information for the 24-man Advisory Committee of a national study

of éngineering technology education in the United States. This .
"Engineering Technology Education Study" was being conducteﬁ.by

the American Society for Engineering Education with support from )

the National Science Foundation. The project was directed by

Pr. L. E. Grinter of the University of Florida; the author was

assigned full-time as an assidtant, to the project, and was respon-

sible maip;y for investigations rglated to associate deg?ee engi-

neering technology curricula. Y ’ ’ .

The original papeys reached only a few readers. _ The documents
were distributed only to the Advisory Committee and to a limited
number of individuals who had participated in various ways in
ASEE's Engineering Technology Education Study. These readers
however, suggested that some of the 'information might be of
wider interest, and urged that ways be sought to publish this
material. Certain of the papers were subsequently condensed
and published; they have appeared, for example, in Engineering
Education. Not all, howéver, can be so treated, for neither
space nor priority exists for the publication of some of the
material. Therefore, this collection has been prepared with the
anticipation that it may have some reference and interest value

to the community of educators concerned with engineering technology

programs. . .
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CHAPTER 1 !

THE AMERICAN‘ENTERPRISE IN
ENGINEERING TECHNOLOGY
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- ’ .- THE AMERICAN ENTERPRISE IN,
- 5 C ENGINEERING TECHNOLOGY *

" EDUCATION ’ .
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This paperl degcribes briefly the historical and contemporary
f%}ettings of engineering technology education. It contains a brief
v A ot - , .. o

hidtory of the development of technological education in the United

. . . . » . A
. States, a review of gome related developments in American higher
education, a description of some of the social forces which appebr
to be influencing current developments in engineering ‘technology .

y ¢ducation, and a tentative identificati%p of eu{rént problems which

relate to this sector of the e¢ducational enterprisge.

The Beginning of Technological Education
in.the United States

P

Comparéd to liberaj higher education, the roots of which igk the
United States reach badk to the founding of Harvard in 1636, tech-
nological education has a frelatively brief histroy ip this coﬁntry.
While almost all of fﬂé colonial colleges were By 1750 teaching
mathematics and science, fregquently incltding technica% subjects .
/gsuch as surveying and navigation under the heading of mathematics,3
it was not until 1802, with the founding of the Military Academy at
West Point that appreciable attention was given to technologicq} .
education; and it was not until 1824 that the first institution &x- .
clusively devoted to teghnological education, Renssel@er Polytechnic

Institute, was founded.t

« The world beginnings of modefn'technological eduéation are only
slightly more remote than those in America. The earliest date usually
, cited for such a "beginning" is 1766, the year of thé‘founding at
Freiburg, Germany, of a technical miniﬂg school. Soﬁe historians

set the date even later: they mark a beginning tither in 1775, when

v

lportions of this paper appeared previously in another werk
by the same author, and have been adapted without substantial
changes. See Jesse J. Defore, "Baccalaureate Programs in Engineering
- Technology: A Study of Their Emergence and Some Characteristics of
Their Content," (Unpublished Ph.D. dissertation, Florida State Univ-
ersity, 1966), pp.65-80. ' '

2John S. Brubacher and Willis #Rudy, #igher Education ih
Transition. (New York: Harper and Row, 1958), p.iii.

3rbid., p.19.
“1bid. ; p.61.
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the French Ecole des Ponts et Chausees.opened, op in 1794, when the'

great Ecole Polyteehnique was established. 1 v
a .
4 “

The Development of Engineering Sghools

After its tardy introduction to the higher education enterprise
in this country, technological edutation @Ventually\flourished. By
the middle of the nineteenth century, a number off collgges had orga-
nized schools of engineering on their canpuses: Norwich University ,

:founded a Department of Civil Enéineé\ing in 1819; Union College
founded a 51m11ar department in 18u5 arvard established the,
Lawrence S€ientific School 1n 1847; Yale, in 1847, began a department
which later evolved into the Sheffield Scientific School; in 1652,
Dartmouth and Brown founded similar 5#“6015, and in 1855, the Univ~
ersity of Pennsylvania established a Departmeng of Mines, Arts, and
Manufacturers. ) The Massachusetts Institute of Technology, perhaps
the most renowned of ald the institutions of its type, was estab-
lished in 1865.2 The Morrill Act of 1862 greatl& stimulated the

/,founding of such imetitutions. By the turn of thé%entury, some 42
engineering colleges had been established, a majority of which were
receiving'federal support provided b¥ the Morrill legislation_.'3 The
second Morrill Act of 1890 provfded additional impetU§. The growth
in number of suck instiq‘;;ons,hae been greatly acceleratgg in this
century. In 1969, for ex

ple, a total of 274 engineering schools

were identified."

_The Early fivelopment of . &
"Technical Institutes .

During the same period that the Military Academy, Rensselaer,
~MIT, and other collegiate institutions were being founded to provide
what at that time constituted advanced technological education which‘
culminated after four years of study in the award of a baccalaureate
degree, a second, distinctly different kind of educational institution

was emerging also. This was the "mechanics institute." Schools of
1

Ld

1Thomas T. Read, "The Beginnings of Engineering Education,"
Journal of' Engineering Education, Vol. 30 (December, 1939), pp.3u8-53.

2Brubacher and Rudy, op.cit., p.62
3Read, loe.cit., p.351

“John D. Alden,. "Engineering and Technician Enrollments,
Fall 1969," Engineering Educatien, September-October, 1970, pp.31-47.
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this type were founded mainly inreasgern and mid-western industrial
centers, and made their first appearance during the 1820's. Al-
thogh their purposes were greatly dissimilar, from those of the
schools which toéay offer programs in engineering technalogy, these
early institutions may be regarded as tffe precursors of technical
institutes. These schools offered gourses in mathematics, book-
keeping; surveying, navigation, and other vocational subjects; they
sought the "promotioqtéf the useful arts;" they trained artisans and
dtaftsmen.} They'q;tempted'to provide training to meet the manpower
needs of an expanding 'industrial economy for draftgmen, ‘supervisors,
designers, production workers, and other technical personnel which ;
neither the, secondary schools nor the engineering colleges were
meeting directly at that time.l The first of these was ‘the Gardiner
Lycgum, in Gardiner, Maine, established in 1822.2 This school, how-
ever, ceased to operate after ten yedrs. Most of the early insti-
tutes suffered a similar fate. Only one, the Ohio Mechanics Insti-

tute, established in 1828 in Cincinnati, is sg}ll in éxistence;3 it

operates now under the name of the Ohio College of Applied Science g

as g, part of the University of Cincinnati.“ The spread of free
public education is cited as a cause for the rapid waning of interest
in these schools.® Later in the céntury, a revival of interest in
such imetitutions occurred, due largely to spreading industrialization.
Spring Garden Institute, now named Spring Garden Cpllege, was founded
in 1851 in Philadelphia, and serves as an example of the many such
schools formed as a result of the industrial needs of the mid-1800's.
Pratt Institute in Brooklyn, New York, was esta@lished in 1877 as
an institution of this type, but it gradually changed into a tradi-
tional engineering school.® The Rochester Institute of Technology,
formerly, the Rochester Athenaeum and Mechanics Institu;ia has a

similar history.’ According to Gnéney, there were "dozgns of such

, »
»

lLeo . Smith and Laurence Lipsett, The Technical Institute
(New York: ™McGraw-Hill Book Co., Inc., 1956), pp.18-20.

2William E. Wickender' and Robert H. Spakes 4 Study of
Technical Institutes (Lancaster, Pennsylvania: Society for the
Prom§\i3n of Engineering Education, 1931), p.Uu.

3Smith and Lipsett, op.eit., p.20.

uOhio.College of Applied Science, Bulletin, 1965-66.

SSmith and Lipsett, op.ett., p.19.

;bid., p.22,) * ;
Ibid,, p.23. 1:- :

L=




W
3 L]

insti?utions started ring the late nineteenth and early_tyentieth
centuries."l Theseaﬁgiourished for a period of time and then di;}
appeared from the scene."? Other than the Ohio Coljege of Applied
801ence and Spring Garden College, only a few, notably the Milwaukee
chool.of Engineering  (fourded 1903), the Franklin Institute of )
Soston (1908) and Wentworth Instltute (1911), still survive. Graney

characterlzed*%hese 1nst1tut10ns -
. The geared their instruction to the maturing technology
of the. time, laying emphasis upon application with intensive
instrdction during short periods of less than four years. If
they tended to prepare artisans, at, least to some degree, it
was "becayse such artisans as thHey prepared were qualified,

themsel®wes} to bridge the gap between practice and theory. 3 v

N ’
/
v i N

Development of Community Junior Colleges

Community junidr colleges, especially in recent years, have
¢
made important contribut}ons to the domain of technological educatioﬁi

>

Junior colleges first appeared as identifiable institutions
during the mi1d-1800's. Bogue, for example, reported that ".
Lasell Junior.College, Auburndale, Massachusetts, offered two years

of standard collegiate instruction, as early as 1852."% A dozen

or so similar institutions, both private and public, were established

during the last half of the nineteenth centuryj few of these, how-

ever, have Survived.5 The stated objectives of the early institutions

was to prov1de lower d1v151on university studies for transfer or
general educatlon purposes After the turn of the century, the
junior college movement prospered and the number of junior colleges
increased untll in 1921 there were 207 such 1nst1tutlons, 70 public
and 137 prlvate 8 It was 1n the 1820's that the concept of occupa-

tional educafion as an integral part of the junior college curriculum

“ .
iMaurice Graney, The Technical Institute (New York: Center
for Applied Research and Education, 1965), p.9. -
Zzbidf“ ‘ .
3tpid. ;

YJesse Parker Bogue (ed.), American Junior Collegee. TFourth
Edition, 1956, (Washington American Council on Education, 19%6), p.2

- lsThe 5$dest public junior college still in existence is at
Joliet, Illipois, and was founded in 1901.
©James W. Thorton, Jr. The Community Junior College (New
York: John Wiley and Sons, Inc., 1960), p.50.

\ . ‘ 16; ' -
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received substantlal acceptance, although this c¢oncept of institu-
tional role had beeh enunciated earlier by some of the leadenf of
the junior college movement.l The number of "terminal courses," -as
they were titled, grew from 100 In ‘1921 to 400 in 1925, 1600 in ,
1930, and more than 4000 in 19¢P.2 The wider role of the junior

ucoilege as a community institution, relating directly to the total

educatignal needs of:the local area, baecame fixed during the decade

‘of the NQ!s; the 1948 Report of the President's Commi%;ion on Higher

Eduaatlon, Higher Education in American Democracy, described these
1nst1tutlons formally 1in language which emphasized thdir community-

-

centered nature.3. v ) }

The evolution and-maturation of the community college philos-

. , /
.ophy, acceptance of these institutions by thé public, federa} and

state interest in this kind of educatibn, and the burgeoning enroll-
ments in higher education are all factors which have contributed to
the growth of community junior collegeg. The data in Table 1 ipdi-
cate the trends? A

-In the past ten years, the growth rate has been pafticularly
spectacular. About fifty new colleges have opened each year, and

these new colleges have uniformly ‘shown substantial enrollment in-

creases during their second year of operation,
,

TABLE 1.--Number of Commuyty Junior Colleges and Tota] Enrollments
for Selected Yedrs, 1900 - 1970. ot

School Total Number Total

Year . of Colleges Jgnroliment .
1900 - 1904 8 100
1921 - 1922 207~ 16,031
1938 - 1939 527 196,710 .
1952 -"1953 594 Ve 560,731 i
1958 - 1959 677 905,062
1967 - 1968 993 P 1,954,116

1969 - 1970 . 1,036 ) 2,186,272

’

- ‘ .
lSee, for example, Alexis F. Lange, "The Junior College as
an Integral Part of the Public School System," Sehool Revzeu,
September, 1917 pp.465-79.

2Merton E. Hill, "History, of Terminal Courses in California,".

Junior College Journal, February, 1942, pp. 311-13.

3president's Comnission on Higher Education. Higher Education
for American Democracy. A Report. “(New York: Harper and Brothers,
1348), Vol. I, Ch. 4; Vol. III, Ch. 2. )
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Nearly 90 percent of all American community :junior colleges
offer occupational education programs. Such programs vary widely .
in objective, level, nature of clientele served, and other charac-
‘teristics. All community college occupational programs, however,
are intended to prepare students for }mmediete gainful employment'’
upon graduation. Engineering technology curricula are often in-
cluded in community college offerings. In 1968, fpr example, the
American Aésociation of Junior Colleges reported that, approximately
300 1nst1tutlons of fered organlzed curricula in englneerlng tech-'
nology or a closely .-related field. Such englneer;ng technology ‘

gprograms léad ta the award of assoc1ate degrees.

Community colleges also may offer occupational programs which
|

are post secondary and have a vocational emphasis, but which lead

., to,the award of certificates rather than degrees. Often, both

dssociate - degree programs and certlflcate programs may be offered

at the same institution. It is estimated that approximately 210,000
students were enrolled in associate degree curricula 1n 1968, at
least twice that number were enrolled in non-degree programs 1

~

The Emergence of BaccalMureate
Technclogy Programs

Very recently, a new stream of technological education has
emerged, namely, the four-year progrﬁm %n engineering technology.
While two-year technology programs have a history extending over
half a century, being associated with both technical institutes and
communify colleges, the concept of & fouwr-year curriculum is a
contempory development. An early allusion to the idea came in
1957, wheq)J. C. ElgiX, of Princeton wrote in The Engineer:

We shbuld expand the numbers of people trained at the
technician level. This can be done through the development

of the technjcal institute, by increasing the number of such

two-year--or even four-year--technical institutions, and

by dtressing the recognition by industry as engineer-technicians

and engineering aides, of those so trained.2
In June 1965, Harold A. Foecke, then Specialist qu/g;gineering
Education, United States Office of Education, stated that more than

sixty colleges were offering four-year technology curricula.3 A 1966

lExtrépolated from data by the U.S. Department of Hedlth, /
Education, and Welfare, Officerof Education, Digest of Educational

P

StaPistios, 1968 (Washlngton U.S. Government Printing Office, 1968).

' 2J. C. Elgin, "The Dean's Page,"-The Engineér, December, 1957.

. . .
* 3Harold A. Foecke, "Engineering and Technology," address
before members of the Technical Institute Division, American 8001ety
fér Englneerlng Education, June, 1965, (Unpublished.)
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studyl identified 73 institutions which purported ‘to offer bacca-

laureate engineering technology programs or programs in "an indus-

trial technology closely allied to the engineering field."

A number of foYces appear to have encouraged the inauguration

of baccalaureate technology curricula.? As professional engineer-

'ing g¢ducation tends to vacate:the undergraduate level in favor of

gra&kate level programs, the ex1st1ng two-year programs in engi-

neerlﬂg technology are tending to be "stretched from above" to flll .
the educatlonal vacuum created Furthermore, the two-year tech-
nology programs’ at technlcal institutes are '"bulging from within"
as moré and more subject matter is added to the curriculum. And

at the 'same time, many commpnity. colleges and area vocatignal
y )2 Y- g Q

'

schools are concucting certificate level programs which sometimes
compete with engineering technoldgy programs of associate degree
level, anz Hfuee are "nudging from below." Industry has often urged

establishrent of baccalaureate technolc ogy programs; such enccuragement

has provided an appreciable impetus for 1nauguration cf such founm-

year curricula. Grant !enn has wrlt*en of an ’pward pash"” due to

complexity of industria enteryrlse as follows:
low., technology rfs advanced many occupations on the

technical, skilled, and semi- professional levels to a point
where -Hey regquire higher levels of specialization and reiated
krowledge that are hest learned within educational frameworks.
Fani estations of this upward push are to be found, for )

ample, in engineering, where the two- year engineering tecn-
f0¢05j curricula of todaj compare in ¢igor and breadth wit
the four- -year eng;neerlng curricula of twenty-five years ago
As erglneerlng continues to become more complex and special-
ization is delaye®, graduate study will become a must for the
engineer, and, by the same token it 1is probable that within
the present decade the bachelorn's degree will become a must
for many technical occupations,3 :

There are alsc parental, peer group, and societal pressures for

’ -
indivizuals to cbtain baccalaureate degrees as a matter of persona
or family prestige.4 -

"

Parailel to the "stretch," "bulge," ”nudge" ancd "push" whlcb
have been perceived as tending *o encourage a vertical exten51on

of two-year engineering tecnnologj programs, there are significant

llefore, ap.cit. . ' <
‘Ibid., pp.76-€0  -.

. 3$rant Venn, Man, Education and Work (Washington: American
Council on Education, 196“) p.17. . .

“Graney, op.cit., pp.103-109. " .
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“develophents in other areas pof higher education. Colleges, schools,
"and departménts of industrial education and industrial arts have
. " devised curgicula which are intended to provide stude&!ﬂpw1th routes
to indugtrial employment rather than to teaching. Such programs

are usually called "industrial technology" ih the lexicon of the
»

s

institutions which offer them.

The first of such Tndustrial Techrnlogy programs was réported |
in 1923 at Bradley University; a second was reported in 1932 .and a
. A‘third in 194y . §§ 1960 33 programs were established; three years
) ‘ ‘later, one researcher reported 53 such programs.l Currently, €4
) are identified,? and more are projected. A number of 'newly- founded
ifistitutions, in particulary seem inclined to inaugurate such pro-
Lo grams,k as part of their initial offerings, and ﬁany institutions are
restructd%ing their industrial education units to dissociate the #* &

;ndustrial technology prog}am from the teacher education pr®gram.3

Educators and employers having interest in;inaustrial fechnology
education have formed an organiaation to deal with matters related
to the area. This organization, the National Association for Indus-
trial Technology, was founded in 1968, and is directing professional
attentyon (including accreditation efforts) toward the unification ..
and articulation of the more than 90 such programs as now exist.
s o J / . . . .
' Current Issues

L]
[}

1 Enrollment Trends .

Oﬁe of the most crucial of the current issues in engineering )
technology education is an apparent relative decrease in its ability
. to attract student enrollment. The 1968 survey of enrollments con-
ducted by the Engineering Manpower Comm1551on revealed thaé enroll-
ments in two-year, assoc1ate(degree programs at the 1nst1tut10ns

having one or more eurricula accredited by ECPD weré three percent
} .

. -
+

1Nelson A. Hauer, "Status Study, Industrial Technology,"#
Newsletter from College of Agriculture, School of Vocational
. Education, Louisiana State University, Baton Rouge,- Louisiana,-
A November, 19658. (Processed.)

2Gene Stuessy, "The Scope of Industrial Technology
Programs in Terms of Number of Students and Curriculum Optioms

Available. Report of a Survey, National Asgociation of Industrial
Technology, February 20, 1970. -~ .

- . * N '
35ee, for example, Induetrial Arts/Industrial. Teohnology,
. . Office of the Chancellor, Division of Academic Planning, The
Iilkl(, California State Colleges, February, 197022/,
e 4
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and Coordination
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3

lower than in 1967.1 Both full-time and.paft—fime enrollments were
.down. These results were particularly disappointing in that 12
more schqfls :ére listed in 1968 than the §e5r before. 1In 1969,
‘an increase in technology enrollments was. reported, but the data

werg'difficult to interpret.?2 Both engineering enrollments and

. engineering technology enrollpents have remained relatively static

since 1958. Total higher educatien emrollments, on the other hand,
have increased steadily, rising from 3-4 million in 1958 to 8.0
million in 1969:3 The relative position of engineering and engi=-
neering technology, thus, has slipﬁed'appreciably. -As a result,"
the alfeady serious long-term shoftages of technological manpower
are projected to become critical.

§ '

Criteria for Accreditation »

Additicnal issues of some urgency are those related to accred-
mn

-
itation. The criteria now being used by ECPD in the raccreditation
of engineering technology curricula at Both the two-year and four-
yéar levels were developed in the early sixties.® Changes in ;ngi-
neering education, in engineering practice, in engineering tech-
nology education, in manpower utilization Practices as related to

technician employment, a#gg.in the general nature of the technological

N
)

environment all indjicate that the criteria now in " use should be sﬁb-"

jected tg'critical review. It }s especially important that appro-
priate criteria for four-year progranfs be developed. "

Delineation, Articulation

f

A third set of issues of importance in engineering technology

ed7cation is related to a clear delineation of the role and scope

"of tﬁis form of higher education and its articulation with other
V4 >

lEngineers Joint Council, Engineering Mgnpower Commission,
Engineering and Technician &nngllmente, Fall 1968. (New York:
The Council, 1969), p.117.

2Alden, loc.cit., p.32. °

3U.S. Deparfgpent of‘Health,'Education, and Welfare, Office
of Education, Projections of Educational Statistics to 1977-78, 1968
Edition. (Washington: U.S./Government Printing Office, 1969), p.12.

“Because of the relevance of accreditation matters to the
engineering technology education study, chapter 5, herein, is de-
voted to this subject. -

SAmérican Societj for Engineering Education, Chatacteristics
of Excellence in Engineering Technology Education (Urbana, Illinois:
The Society, 1962).
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sectors of the educational enterprise. It is important, for example,
that the differences between engineering technology education and
engineering cducatl®n be understood. It is equally important that’
the differences and commonalities between engineering technology
programs and other technical education programs be made clear. And
it is highly important that articulation and coordination be achieved
among institutions offering these various programs in order that
students be given maximum educational opportunity and that the general
public be protected from the financial burden of supporting a variety
of institutions with ambiguous or overlapping purposes. At the same
time, the higher education community should feel constrained to
assume the responsibility for pto&iding adequate routes of prepara-
tion to meet the manpower needs of contemporary society.

‘ /\ f

Summary ’

Technological education in the United States has little more
than a century of heritage. Evolving principally from schools of
applied science, mechanics institutes, and similar prototypes, con-
tempérary tthnOIOgical»eQUca£ion is conducted in various institutional
sett%ngs, each hgviﬁg a unique history. The education offered is as
diverse as the characteristics of the institutions ich offer it,
and the form of the educationgl process has undergone umerous tran-
sitions throughout the history of the movement; this is especially

true of. engineering technology education.

A number of social forces are currently at work. The changes

occurring in éngineering education, the trends to extend vertically

. two-year engineering technology programs, the proliferation of com-

. munity colleges, the emergence of industrial technolagy programs,

and the changes in the technological environment itself are all
factors which are serving to give new directions for the evolution

of engineering technology education.

Currenf issues needing resolution include problems related to
enreollment, accreditation, delineation of the role and scope of
. P . : ~ . . . .
engineering technology educatign, and articulation within the educa-

tional community.

-
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CHAPTER 2

SOME CHARACTERISTICS OF ASSOCIATE DEGREE
CURRICULA IN ENGINEERING

TECHNOLO@Y
\ s ‘

-

This paper deascpibes briefly some characteristics of ecurricula
in engineering tecknology which exist in various educational insti-
tutions in the United Statgs and which lead to the award of associate
degrees. It provides a tentative clgégification system by which
content areas can be identified, presents an analysis’of various our-
ricula, compares curricula as they exist in different kinds of insti-
tutional settings, and points og; eome\implﬁflszrp of the study

whtch was made. “

Population
r - -

Kinds of Instit‘tions v .

Institutions which offer educational ﬁrograms leading usually
to the award of- associate degrees in engineering technology are of

various. types. A seven-fold classification system'is useful. Kinds

i

» ‘ . » »
of institutions may be identified dg follows: ;

1. Single purpose institutions having engineering technology

education as their sole institutional objectives; the term

monotechnical institutes will be adopted in this paper to )
.. . describe such schools.

2. Institutions with a variety of objectives related to
technical and occupational fields, including programs
related to business, health, and public service as well as
to engineering; the term polytechnical institutes will be
uses here to designate these institutions. \

3. Community and/or junior colleges which include an
occupational-technical program as well as a liberal grts,
"university parallel," "transfer" program; such colleges
will be referred to as comprehensive community colleges.

4. Universities or other senior institutions which include
associate degree programs in engineering technology as part
of their offerings, either on the main, campus or at a branch
campus; these, regardless of the actual name of the insti-
tution, will be called universities.

§. Special educational units set up with a company organ-
ization to provide educational experiences for inservice
or preservice employees; the term company schools will be
used in reference to this kind of unit.

6.. Army, navy, air force, or other military service schools
devoted to engineering technology education; such units will
be called service sahools.

4 /-15-
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7. Institutions which provide home study materials so that
individuals can complete a program of study by correspondence;
these will be called correspondence schools. :

. A sub$tantial majority of the activity in engineering technology

&
education occurs in monotechnical institutes, Rolytechnical insti- .
tutes, comprehensive community colleges and universities. While the
importance of company schools, service schools and correspondence

schoqls and the value of their contributions cannot be éenied, it is

within institutions of the first four types that engineering tech-'
¢ nology education mainly occurs.
1 .

Size of Population ' ! ) .

'

It is extremely difficult to establish an accuraté inventory of
the curricula with which this paper is concerned. The literature
and the various pﬁblished directories give widel& differing estimates
of the size of the population. Several factors may account for dis-

crepancies ‘which have been found:

1. The term englneerlng technology"” is not unlformly“deflned

. 2. The term assoc1ate degree," while adequately defined, is
often used in a context such as "...associate degrees or equiv-
alent awards...," a practice which tends to contaminate statis-

tics based on the degree.

3. Changes in the structure of institutions, the founding of

new institutions, and name changes of older institutions result
in both duplications”/and omissions from directory lists. <

\

Y. Time lags between the collection of data and its publica-
tion create discrepancies.

* 5. Institutions often report as "curricula offered" all pro-
grams appearing in the published catalog, regardless of whether
the curricula actually have enrollments.

1; 6. Multicampus institutions, espec1ally, report data in dif-
. fering ways; for example, some institutions r€port separately
the curricula which are repllcated at different campuses or

b branches while other institutions report one curriculum only.
'/’ " Publifhed directories arg useful only in making tentative esti-
&
mates. For-example, .one.recent publicationl 1ists over 5000 cur-
ricula offered by some 830 institutions, byt not all the curricula

listed lead to associate degrees. Another directory? contains over

s

lcareer Opportunitiees; Engineering Technicians, J.G. Ferguson -~
Publishing Company, Chicago, Illinois: 1969. (One volume in the series
Career Opportunitiees for Technicians and Specialists; Walter M.
Arnold, Series Editor; Walter J. Brooking, Volume Editor.) .

2peohniocian Education Yearbook, 1969-70, Prakken Publicat}ons,
Inc., Ann Arbor, Michigan : 1989.

.y
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1200 institutional names but includes among its listings some

sécondary schools as well as higher institutions. ‘Neither refefence
3

is"entirely reliable and each dverestimates the population.

The standard source of directory information for institdtions
of higher education, the U.§. Office of Education's Educational
Directory, is of little assistance, for it goes not. identify in
sufficierft detail the kinds of Gqurricula offered.l L}

Tworrecent publications, however, are useful. 1In 1869, the °’

Engiﬁeering Manpower Commission conducted a survey of'degrees awarded

-in technology~ The report of this survey? stated that 394 institu-

¢

tions had made associate. degree awards during the 1968-69 year.
There is some evidence that this is a low estimate, for a number of
the institutions which had responded to-a similar EMC survey in -
1968 did not report in 1969.3 The EMC data also suffer from con-
fusion in reports from multicampus institutions. The National Center
for Educational Statistics of the u.s. Office of Educatidn furnishes
one additional clue to the size of the population. A publicafﬁon
issued in 1969 and based on the 1967-68 academic year suggests that

approximately 450 instituPtons made "formal awards" to students

completing programs "at the technidia r semiprofessicnal level.™Y

The NCES data, again, 1is ggiieved,xo.und eitimate the population,
since many of the institutions which did port to EMC.,in 1969 had

not reported to NCES in 1968.

The union of the set of institutions reporting to EMC with the
set reporting to NCES is believed to produce a list of acceptable
accuracy. Such a union contains 563 institutions. A-'similar opera-
tion to estimate the number of curricula offered yields a value of
1595; this figure, however, is probably less valid than the previous
one, since some differences exist in curriculum classification‘ g
practices by EMC and NCES. .

.

lSee,' for example, Educational Directory, Higher Educatioq{
198900, U.S. Government Printing 0ffice, Washington: "1970.

2John D. Alden, "Technology Degrees, 1968-69," Engineering
Education, Janua 5 1970, pp. 410-415.

31bid, p.u410.

“National Center for Educational Statistics, Associdte Degrees
and other Formal Awards below the Baccalaureate, 1967-68, U.S.

</

Government Printing Office, Washington: 1969. See especially T .

7, pp.43-62. .
- . Ao \
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R, Nature of Population ) .
ST <
Table 2 contains in swmmary form some observations about the
characteristics of the approximately 560 institutions which offer
" nearly 1600 different-associaie degmee curricula -in engineering .
technology. 1 '
TABLE 2.--General Characteristics of Institutions which offer
Associate Degree Engineering Technology Curricula .
Item ‘ Comments ’
Control . 86% public, 14% prvate
/- Type ’ ) 87% are two-year instipwtions
. 13% are universities or four-year
colleges which include associate r
L degree curricula in their offerings
Emphasis ' 10% offer engineering technoléby only
. 13% offer a variety of technical programs
. - ¢ but¥deal only in technical education

"""~ 64% are comprehensive community colleges
13 are senior colleges.or universities

Accreditation . 11% have at least one curriculum
accredited by the Engineers' Council
¥ - for Professional Development
92% are accredited by the appmopriate
J . regional accrediting association

s ‘Extent of 80% offer four or fewer engineering
% 7 Offerings technology curricula
- - 20% offer more than four engineering ’
- technology cturricula Q,

Popularity of Electrical/Electronics Technology is '
v , fferings ! offered most frequently (30% of the
B total turricula, 50% of the insti-
~ tutions, and 25% of the associate
- . degrees awarded) ! ‘
Mechanical Technology is second in .
s frequency of offering (12% of ‘the
total curricula, 25% of the insti-
tutions, and 13% of the associate.
. “degreé'ihwarded) :

. . I !
. R - -

)

Cu;gg?plum Characteristics

Canceptual Framework

% ‘8 v

Engineering technology curricula, ‘although thay may differ from _41\-
one another in certain respects, are expected to have many character-
istics in ‘common. -An analysis of existing curricula should reveal"

27
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-

some major patterns of commonality and should suggest wayS\ﬁn which
curricula can be distinguished. The patterns of contemporary <
practice, in turn, mlght suggest goals for future evolution of such

curricula.

Based on suc¢h a conceptual framework, = cdg;iculum analysis was
undertaken. Preliminary investigation had suggested that three
variables would be of major usefulness in sueh an anadymis of engi-
neering technology curricula: - -
1. Institutional setting ~
2. Curriculum Structure

3. Technical discipline of curriculum

-

For analysis purposes a cugricalum's "institutional setting"
was defined as the kind of institution--monotechnical institute,
polytechnical institute, cémprehensive community céllege, etc.--in
which the curriculum was found; the "curriculum structure" was a
profile of the required c?edit hours in various curricular areas;

and the "technical discipline" was the major emphasis of the cur-

. « N v N R N . » .
'rlculgm, that 1s, the area of specialization (draftlné, electronics,

highway construction, etc.) on which it concentrated.

. T, . . -

Two additional variables, "accreditation by the Engineers” 3
Council for Professional Development" and "topic coverage in selected

areas" were initially expected to be somewhat useful’'in discrimina-

tlon of curricila. The "accreditation" viriable is treated here;

the "topic coverage" vaﬂﬁable has been treated separately.

A number of other possible variabl exi!?%d bux were rejected
because it was believed they possesgsed limited refevance. such
variables incjluded control (private vs. public), age df curriculum,
enrollment in curriculuﬁ, age of institution, credit basis (semester,
al), and others.
|

Procedure and Sample .

A sample of 120 engineering technology curricula were chosen
and‘subjected to analysis. This was essentially an arbitrary
sample. ‘It does not have--ngy was it intended to have--the statis-
tical properties of randomness, stratification, or representativeness.
Rather, the curricula selected were ones judged likely to have in-
fluence--past or future--on the trends in englneerlng technology

education. . .
A J
The currlculum study was made pr1nc1pally by means of examining

the published catalogs and bulletlns of various 1nst1tutlons, although
19 of the institutions involved were personally visited by the author.

2y ;
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In the sample, 71 Of the curricula were accredited by ECPD.

The distribution by discipline of the curricula in the sample
is indicated in Table 3. -

The classification of -curricula in thé'sampie by institutional
setting is given in Table 4. The original .intent had been ‘to pro-
vide for approximately 30 members of each category, an objective
satijsfactorily achieved. However,”preliminary study showed that
university programs--because of their assignment to separate branches,
campuses, departments or other instructional units--resembled clqsely
TABLE 3.--Curriculum Titles in a Sample of 120 Associate Degree

Engineering Technoldgy Curricula
. —
AppYoximate Curriculum Title Number
Aeronautical 4 -
1 Air Conditioning ’ -~ 3
Architectural (including building construction) 13
Cham 1 ’ . 8
Civf1"t{#ncluding surveying, highways) 18
Draf\ting/Design 8
Eleckrical . 7
Electyonics 21
Indusf\rial (including manufacturing) 7
Mechan®cal . 18
Metallurgical (including materials) 4
Other (automotive, computer, petraleum, fire 9
protection, nuclear)
’ ‘ TOTAL 120
TABLE 4.--Institutional Settings of the Curricula in a Sahple of
120 Associate Degree Engineering Technology Curricula
Kind of Institution Number of Curricula
P ;
Monotechnical Institutes , 24
Polytechnical Institutes 35
Comprehensive Community CoMleges 28
- Universities , 33
Al ‘ - '
\ TOTAL 120
- L
the programs in either monotechnical institutes or polytechnica}
. - institutes. A reassignment of the 33 curricula in universities re-
w . ,
]1{i(; . sulted in the distribution shown 1n Table 5; this grouping was used
L :
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TABIE'SN--Groupings Used in the Analysis of a Sample of 120
' Associate Degree Engineering Technology Curricula

. ’

Kind of Institution ‘ Number of Curricula |
\
Monetechnical Imnstitutes 54 y
Jy Polytechnical Institutes 38
Comprehensive Community Colleges 8
. ' TOTAL 120
. A ! —_—
throggh the analyses conducted. Although the cells are unbalanced
as a result of the regrouping, the internal variance in each cell ’
is virtually unaffected.’ ’

The sample was taken approximately equally from the various
geographic regions of the United States. Table 6 shows the geo-
graphic distribution of the sample. While the northeastern region
is sémgwhat over-represented in the sample, this region also possesses -
a disproportionately high fraction of the total institutional popu-
lation-ghich is engaged in engineering technology education. The
distrib#tion,is deemed satisfactory for these puHPoses.

TABLE 6.;¢Geograph1c Digtribution of a Sample of 120 Associate
Degree Engineering Technology Curricula

Geograghic Region Number of Curricula

Pl , )

Northeast ’ . 34

$#utheast 18

. North Central 30 .

South Central , ‘60

J ( ‘ West . 8
+ h L i

The results of the analysis are given in a later section of

this paper.

Definitions ~

Fop the purposes of %his paper, the following definitions

related to curriculum content are adopted:

4

. - . .

- .- Technical specialty--technological subject matter content
in an engipeering technology curriculum in which a student

concentrates study;;the "major" of a curriculum. For example,
v 3
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‘technical specialty subject matter in an electrical technology
program usually will include college courses entitled "elect-
rical machinery," "transmission networks," "microwaves,'" and
the like. ’

ZRelated technical studies--technological subject matter
content in an.engineering technology curriculum related to some
area of technology or to the development of skills to support a .
technology, but which is not directly related to the specialty
of the ‘curriculum.. TFor example, related technical studies in
.an electrical technology curriculum might include college courses
entitled "emgineering drawing," "manufacturing processes,

- "1ndustr1al‘dater1als," or the like. ﬁ',~

Techniecal sczences--subject matter content in am nglneerlng
technology curriculum involving basic mathématical an
scientific principles applied to technical problems and Sltu-
ations. Derived from the "pure sciences", the technjcal sciences
may .include such areas as statics, dynamics, strength of materials,
fluid mechanics, thermodynamics, statistics, electrio theory,
and properties of matter. The "technical, sciences" of an engineer-
1ng technology ‘surriculum are analogous to the "englneerlng
sciences” of an engineering curriculum,

Physical sciences--chemistry, physics and integrated
courses in chemistry and physics.

Mathematice--subject matter content beyond the level of
"intermediater algebra"”, that is, "college algebra" and other
mathematics subjects including, trlgonometry and calculus which
have college algebra as a co- or pre-requisite.

Communications--subject matter content related to grammar,
rhetoric, speech writing, and other phases of language, except
literature, angd requiring four high school units in English as
a pre-requisite.: '

Humanities/Soecial Studtes--sub]ect matter content,related
to l%terature, the arts, philosophy, psychology, hlstory,
sociology, political sciences, and the 1like.

Other studies--subject matter content in a curriculum not
classifiable under one of the preoceding categorles, these
include R.0.T.C., physigal education, life science, foreign
language, and "free electives" not identifiable by category.

A "Typical” Engtneerzng
Technology Curriculum .

The sample of 120 englneerlng technology currlcula examined
"displayed patterns of similarity, although-some variance was detected
Table 7 summarizes the major curriculum characteristigs of these
programs in terms of semester hour credits requited in various cur-
ricular areas. The range, the mean (ad]usted to the nearest half-
credit), and the mode of the required credits are reported.

¢

As can be noted from Table 7, the requirements in each cur-
ricular area had considerable apparent variation. Paﬂt of this
variation is real and is to be expected, due to the differences in
program objectimves at different institutions. On the other hand,
some of the variation.is artificial and was introduced by the class-°

"ification scheme used in this study. For example, the introductory

+
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courses in Chemistry which appeared in the Chemical Technology pro-
grams analyzed were classified as "physical sciences"” rather than
"technical specialties;" such classification procedures per se con-
tributed to the low extreme in the range of requirements in the
"technical specialty"” area and the high extreme in the "physical

sclences”" category as shown in the table.

TABLE 7.--Cyrriéu1um Characteristics of a Sample of 120 Associate
: Degree Programs in Engineering Technology

Semester Credits Required
Curricular

Area
Range Mean? Mode

. Y
Technical Specialty 8-42 23 24
Related Technical Sfldies 0-22 8 8
Technical Sciences 0-22 7 8c
Physical Sciences 4-18 7 8
Mathematics 4-14 8.5 10d
Communications 3-12 6 6
Humanities/Soci1al Studies 0-15 7 6
Other 0-14 2 2 o
Total Technical Studiesb 24-51 39 40
Total Curriculum . 60-83 7 72

dAdjusted to nearest half semester credit; for computed values,
see Table 8,

bIncludes technical spécialty, related technical studies and
technical sciences.

CHigh frequencies at 0 and at 4 semester credits were also noted.
dHi gh frequency at 6 semester credits was also noted.

The histograms of Figure 1 give some insights into }he variations

and centrdl tendencies which were found.

Table 8 summarizes some relevant statistical prop ies of the
data used. In Table 8, .a "computed mean" is the result#f a numer-
ical calculation, to the nearest tenth of a semester credit, of the
mean of the data being analyzed; this is a stable statistic which is
useful for making comparisons within the data base, but is not espe-
cially meaningful fdescriptively., The "adjusted mear," ;/vélue & unded
to the nearest half-eredit, is more useful as a nominal value. The -
standard deviation has the usuadl meaning «f that statistic. "Relative
variabili®y" as reported in the table Is a statistic which gives an
indication of the extent to which data are clustered about their mean;

it is a rough' measure of kurtosis. In this situation, a relative
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/
. TABLE 8.--Statistical Characteristics of Data Used in Development

of a "Typical" Assocfate Degree Engineering Technology
Program from a Sample of 120 such Curricula

/

- ~ >
Computed Adjusted Standard Relative “ Conformal
JHeana . Mean? Deviationa Variabilityd Limitsa

Technical, ~ . .

Specsalties ) 23.2 )/ 23 5.52 23.% 1.8 l
Related Tech.

Studies 7.8 8 4.62 59.2 1.5
Technical 6.7 7 4.70 70.0 1.5

Sciences
Physical * ",

Sciences 6.9 7 3.08 44 .7 1.0

"Mathemitics 8.5 8.5 2.20 - 25.8 .7
Communications 5.9 6 2.24 38.0 .7
Humanities/

Social Studies 6.7 7 4 .00 60.0 1.3
Other 2.1 2 3.94 185.7 1.3
Total Teé&hnical

Stodies 39.1 39 5.44 14.0 1.8
Curriculum /

Total 71.1 71 . 6.68 9'4K// 2.3
%In semester credits _ :
bIn percent ‘

variability less than 25 percent implies a significantly leptokurtic
Pistribution (one more peaked than the "normal" distribution) -having
the mean value itself occur frequently in the data. A relative
variabflity near 50 percent is associated with data having a multi-
modal distribution (as in the Caéé of "Communications," where a
distinct bimodal pattern is observed). A relative variability ex-
ceeding 100 percent (as in "Other," Table 8) is associated.with data
having an extremly platykurtic distribution or lacking any appreciable
central tendency at all. For data with relative vafiability exceeding
about 35 percent, the strongest mode is probably a better repreépnta-
tion of practice than is the mean.

The "conformal limits"” repérted in Table 8 are statfgtics which
will be useful in the profile analysis to be made later in this
paper. It has been assumed that the sample of 120 curricula form a
whole-set of data compnised of several differing subsegs;. Each sub-
set presum y will have data means which eonform or njk to the
data means“of the whole-set. The range around the whole-set mean

‘¢
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through which a subset mean can vary-and still be assumed to conform

to the whole-set is-the "conformal limit." Conformal limitg for the
purposes here have been arbitrarily set so that 33 percent.of the .
sample falls within the conformal limits of the adjusted means.

Figure 2 is a graphical represeﬁtation of some of the data in °
' Table 8. - The abscissas on the figure give the adjusted mean of the

semester credits required in various curricular lareas of engineering

tethology programs. The bold line is a "profile" of such require-
men

. . r ) .
s; the shaded area represents the conformal limits of this profile.

-~
0 ' -

FIGURE 2.--Profile of the Curriculum Struct&re of a "Typical" Engineering
Technology Program, Showing Conformal Limits of the Sample
, Investigated. .,

r LY
/

BIAS? CREDITS CURRICULAR AREA
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Mathematics
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Humanities/§ocial Studies

Other ‘ \

3g{as = axj}s calibration adjustment; e.g., for "Curr1Culym
Total”, read 65 + 6 = 71 credits.
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Curricular Differences . - : °
Related to Institutional Setting

It was initially assumed that the curriculum structure of an
engf;g;?tng technology curriculum might vary with the institutional
setting in which {he curriculum is offered. To test this hypothesis,
the profiles’of three subsets of cdrricula--those exlsting in mono-
tecpn%éal’institﬁtes, polytechnical institutes, and comprehensive
community colleges-- were plotted and compared to the whole-set pro-
filg. The results are shown in 'Figure 3. Table 9 g%j:s the corres-
ponding numerical data. -The shaded area on Figure 3 represents the
conformal limits of the whole-set profile (see Figure 2 and the

accompanying discussion).

¢

As can be readily seen from Figure 3, the profiles of the
curricula which are offered in monotechnical institutes and in

polytechnical institutes’correspond closely and fall everywhere

-+ FIGURE 3.--Profiles of Curriculum Structure of Engineering Technology Programs
in Monotechnical Instftutes, Palytechnical Institutes, and Compre-
hensive Community Colleges

/T ’ "
. |stake CREDITS . CURRICULAR AREA
o 2 4 6 8 10
- L h <o N i i[ )
el o
__@ K"T‘?h“ €urriculum Total
. K f,iflz | ‘
. _@ A Total Technical Studies
\e : | ,
! ' i
i
_{EE} i f‘ | Technical Specialty
RN NER
: T I3 > Related Technical Studi'es
g // Technical Sciences
s .
NELD

Physical Sciences .~

. T \\ . ) '
" K Mathematics ’

/ 3 12 f
; Communications
/A | /
<+ 3 2 Humanities/Social Studies
-2 L1 = . .
.;* Other
’*\ /' | - .-4”...-‘ 1 1
— [~ // . ’

/

%Bias = axis calibration adjustment; see note on Figure 2.
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TABLE 9.--Mean Requirements by Curricula Area of Associate Degree Engineering

techno]ogy Programs Offered in Various Institutional Settings, as
“Calculated from a Sample of 120 Such Curricula.

. '

Curricylar Area Monotechnical Polytechnical Comprehensive
. Iqstitutes Institutes Comm. Colgs

. D!

“Technical Specialties 24.0 f 23.9 21.2

‘Related Technical Studies 7.5° 7.4 8.3

Applied Sciences 7.7 6.2 5.5

Physical Sciences 7.7 6.8 5.6 .

Mathematics 8.8 9.0 7.2

Communications 6.3 5.6 6.0

Humanities/Social Studies 6.4 7.7 5.8

Other ' 1.4 1.6 5.6

Total Techn1ca[ Studies 39.9 39.7 3é.7

Curriculum Total 72.8 71. 67.7

within the conformal limits of the whole-set profile. Programs in
comprehensive community colleges, hohsver, appear to have a cur-
riculum structure with<ghsomewhat different profile. The differences

are discussed in the following:

1. Comﬁ%nity College curricula are shorter. This is not
unexpected. Community colleges feel somewhat constrained to
maintain equivalency in the length of all programs they offer;
thus, the traditional length of the transfer (liberal arts)
‘curriculum, 60-64 semester hours, provides a boundary condition
for the total length of curricula in technical fields.

2. Community college curricula have lower requirements .

for total technical studies. This is an obuvious corollary of

- the previous finding. What is surprising, however, is that the
distribution of "total technical studies" in community colleges
is irregular with regpect to the yhole-set profile rather than
being uniformly lowggp For example, the amount of technical
specialty subject mitter required, although less than the mean,
is within the conformal limits of the whole-set, but related
technieal studies appear to a greater, extent than the mean and

technical sciences are below the conforqi} limits.

3. Physicdl science and mathematics appear as require-.
ments in community-college-based engineering technology cur-
rjcula to a lesser extent than these subjects do in curricula
from other institutional 'settings.

4. An appreciably greater number of credits in ‘the engi-
neering technology curricula havihg a community college setting
are in the "other" category, that is, are comprised of physical
education, R.0.T.C., foreign language, and "free" electives.

- » ‘
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The differences just noted are individually minor, but considered
gollectively lead to the inferences that community college curricula
,in engineering technology tend to be (1) less broadly based, since
‘fhéy tend to have fewer credits in the applied and physical sciences
areas, and (2) less abétract, since they tend to have a somewhat $
more limited mathematics content. And, because their subset prpfile '
differs from that of the sample as a whole, it is also possible to “
infer that the curriculum structure of community college engineering
technology programs may be based on an educational philésophy dif-
ferent from that which motivates monotechnical and polytechnical
institutes. Such a generalization, however, is tenuous and must be

used with extreme caution.

Curricular Differences Related to
Technical Digcipline

Engineering technology curricula were expected to show some
differences related to the tecnnical disciplines of the programs.
For example, it was assumed that the typical curriculum structure
of an electrital technology program might differ from that of a
civil technélogy program. To test_this hypothesis, the curriculum
structure profiles of three subsets of curricula--mechanical, civil,
and electrical--were plotted and compared. These were curricula
all in the same kind of institutional setting; namely, polytechnical

institutes. Figure Y4 shows the results. As can be observed from

]

FIGURE 4.--Structural Profiles for Three Kinds of Associate Degree
‘Engineering Technology Curricula, Illustrating Inter-program
Structural Variance bv Technical Discipline.
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the figure, programs in different technical disciplines sometimes
differ appreciably in the way in which requirements are distributed,

especially‘in the technical areas of the curricula.

Because the curriculum structures of programs in different
technical disciplines dp deviate from each‘other, an effort was
made to assess this relative variance as compared to the variance

in the structures of programs in different institutional settings.

Hence, an analysis was made of the average difference in mean r
each set of profiles. The set of means for the entire samplegEthe
whole-set) was used as a reference. Absolute values fer-

ences between whole-set means and corresponding subset means were
calculated point-by-point. Then, the averages of these point-by-
point differences were calculated. The average difference of means
was 0.8T semester credits for programs in different institutional
settings and 1.15 semester credits for programs in different cog-
nitive domains. Thus, for the programs in this sample,'the profile
variance attributable to the "major" or "specialty" of engineering
technology curricula is approximately usipercent higher than that
attributable to institutional setting. The structural variation
between curricula dppears to be more dependent on the kind of tech-
nology with ;hich it deale than on the kimd of institution offering
it. This may be an importght finding. '

Curricula Differences -
Related to Accreditation Status ~ . g

é
An investigation was made of the differences which may exist

between engineering technology programs accredited by the Engineers'
Council for Professional Development and programs not so accredited.
Two subsets of 25 members each were randomly selected from the total
sample; one such subset consisted of accredited programs, the other,
of nonaccredited programs. To test @ hypothesis that differences
exist, the structural profiles of-accredited and non-accredited
curricula were- plotted. Figdre 5 displays the results. The shaded
area on the figure represents the conformal limits of the sample.l
With one minor exception (total ecrqical studie8 for accredited
curricula), both profiles fall within the conformal limits of the
whole sample's structural pattern. e ‘hypothesis of difference is
not sustained; the in%erence is that the accreditation status of a

curriculum'and its structural profile’ are not significantly related.

- 1The conformal limits for this figure are greater, by a
factor of 1.4, than those employed-for the previous analyses
(Figures 2 and 3). Use of subsamples for this particular analysis

introduces statistical sampling errgped(g%ch increase the probable

L3

error in the computed means and hence in23reases the Yange through
which one must assume "conformlty" of the proflles

39
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FIGURE 5.--Structural Profiles of ECPD-accredited and Non-accredited
Associate Degree Engineering Technology Curricula '
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Modal Practiges and .
Inter-program Consietencies , o -

As was pointed out earlier in this paper, ,some of the data .
related to curriculum structure in engineering technology programs
have variability char;cteristics which tend to limit the value of
the mean for interpretations of the central tendencies of Fhe data.
The mode in mamy cases js possibly a more useful statistic, especially
in describing usual practice. TFor example, the "Humanities/Social
Studies" component of curriculum structure (see TMble 7) has assoc-
iated with it a mean requirement of 7 semester creditsj; hardly any
single program contains such a requirement Close examination re-
veals “that the mode is 6 semester credits. In this case, actually
three modes exist, one at 3 credits, anether at 6 :credits, a third
at 8 credits; these presumably represent the practice of requiring
either one 3-credit subject, th 3-credit subﬁects, or two 4-credit

-

subjects in this area. .

A profile of curriculum structure has been plotted to represent
modal practice; this profile appears in Figure‘s. In the figure,
modes have been used as data points ratier than’ the adjusted means
which were employed for the grevious plots, \The general similarity

»
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“of individqsl curricuta’reve 1s that mgny ‘engineering technology
programs have structural profiles which ‘trace major sections of the
modal profile. ; . ) . .

o

<

) v ‘~nv . . .
One possible explanation for inter-program cong;stencg.pan be 4

‘' offered. ASEE's Charagoteristics of Excellence (the "McGraw. Report")
... had, in 1962, suggestéd certain guidelings for the structure of engi-
néering technolegy curricula. On Page 25 of this document, fqu
example, an illustrdtive curriculum was presented, showing a recom-
mended distribution of credits in certain curricular areas. That
distribution is indicated in Table 10° Table 10 ‘also gives for tom-

parison purposes corresponding data for the curricular areas of the

. . o ) . . , T oe
\ o ,

FIGURE 6.--Medal Curriculum Structure Profile ¥or Ass.ociate D‘sg;e‘e Eng:ineer'ing
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TABLE 10. --D1str1but1on of Credits in McGraw's "Illustration" and &/

the Modal -Associate Degree Engineering lTechnoIog)"Program
of 1970

~

)/ . Semester Credits

Curricular Area .- Suggest‘ed by Modal

. : . L * McGraw, 1962 ., Program, 1970
Z : - -~
Total Technicdl Studies . T 39 40
Physical Sciences . 6 8 -
Mathematics . 12 10
Communicatiops . 6 w 6
Humanities/Social Studies 6 6
Other . ‘ 3 2
“Curriculum Total ) 72 72

v © )

modal engineering technology program diseussed above. (Editorial

revisions have been made both in the terminology used in the 1962
McGraw Report and that previously used here En order to facilitate
comparison; the McGraw Report did not treat as many curricular sub-
divisions as were used here.) Examiﬁation revedls a high degree of
correspondence between items in the table. The inference is that
the 1962 McGraw Report has had a tremendous directive influence on

the evolution of engineering tecﬁnology education programs.

- . N

Summary ' RN

Engineering Technology Educatiem Programs are available in

seven kinds of institutional settings:

1 Monotgghnical institutes

2 Polytghnical institutes

3 Comprehensive Community colleges
4. Universities
5. ’bompany schools
6 Service schools
7

Correspondence schools

¥

The first four classifications account for the majority of the
programs . ‘

e
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" For various reasond, it is difficult to inventory the national
effort in engineering technology education. Perhaps’ the best estimate.

of the population is that approximately 560 institutions offer nearly

1600 curricula. ’

* ‘icdlum structure® in engineering technology education programs

varies somewhat w1th institutional setting and with the technical dlsc1p11ne

of the programs. Analysis of the distribution of the number of semester
credits required in various curricular areas leads to the fbllow1ng

estimates of "typical" structuﬁ’E profiles:

Curricular Area . . Mean_Reguirement
-

~N

-*Technical Specialty
Related'Technical Studies
Applied Sciences ’
Physical Sciences

Mathematics

W NN N OO NN o Ww
(4]

Communications -
Humanities/Social Studies
Other

Total Technical Studies
Curriculum Total ) .71.

Profile analyeis yeilds the follow1pﬁ: " .

1. Monotechnical and polytechnical institutes offer
programs with essentially identical structures.
-

2. Community colleges offer programs which are shorter
¢tal length, contain fewer credits in physical science

mathematics, and have more "free" electives.
-

3. Unjversity-based progfams are like those in mono-
technical and polytechnical institutes. P

4. _ Curriculum structure varies mcre with program
empha51s (technical dlsc1p11ne) than with 1nst1tutlonal setting.

5. Programs whlch”are accredited by ECPD do not differ

51gn1f1cantly in their currlculum structure. from programs
not ECPD accredited.

A comparlson of the "modal" profile of existing engineering~
technology curnlcula (the mode beipg for this purpose a more useful
descrlptlée statistic than the mean) with the‘lllustratlve cur-
riculum in the McGraw Report reveals close correspondence between

these two.

-

4

4 M v

Implications ’ .

The possibf& implications of the analysis described in this
paper must be eﬁtrapolated, for they are not entirely explieit in
tae data. The implications falle into two major domains.
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First,(ﬁt can be readily noted the@t the majority of engineering

technology curritula have semester hour requirements--regardless of
the institutional settiné--&hich exceed those normally associated

with two years of college work. The range of requirements of the ?
associate degree in' engineering technology was found to be from

60 to 83 semester credits, w;th a mean of 71 and a mode of 72. To
many observers, such data 1nd1cates a serloug’"overcrowdlng" of the
curriculum, especially when the mean abilities of entering students -
(see Chapter 7, herein) are éonsidqyed. There may also be impli-
cations that only aeftain kinds of institutional settings are
appropriate for engineering technology programs. .

And secondly, the lack of variability among programs--in most
of the curricular aiea§ treated and with- respect to several different
variables--suggesiflthat a "lock-step" configuration may exist in
this educational &in. While inter-program 'confom'nity may well
help assure that certain minimum standards are being widely met, a
high degree o 3% ch conformity may indicate that ' little educational
experimentatiﬁr' innovation is occuring in the area. The charac-
teristics of eﬁgineering technology curricula are well defined; {1
programs”in this area have Structural patterns which are surprlslngly
31m11ar and the a;fferences whlch do exist among programs are mlnor.
But such conformlzy.?n itself gives rise to a dilemma with which

educators and others sensitive to the needs in the area must wrestle.

<n
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' CHAPTER 3
ILLUSTRATIVE CURRICULUM GUIDES FOR .'
ASSOCIATE' DEGREE ENGINEERING . '
- " THCHNOLOGY PRQGRAMS . N

L)

s

The purpose of thie chapter 18 to illustraté, without maki?@
evalumtions, the kinds of chrriculum guides which appear in the
cgtaloge or bulletins of 1 itutions which offer associate degree

programs in engineering technology. Four examples are listed. In

“each case, a brief deecriﬁtion of the institutional setting of the

curriculum is given, but inetitué?one are not otherwise identified;
course numbera, for ezampte; have been omitted. The objectiv; 18
merely to illustrate conte;;ora;y prectice, not to imply endorsement
of the examples presented. These illustrations are not necessarily

to be regarded as models.

Ar. EleCtroaics Engineering Technology
Curriculum

This electronics engineering techhdlogy curriculum is offered

by a large, public, comprehensive community college in the western

part of the United States.' The total c511ege enrollment exceeds
10,000 Btudents. Approximately 600 students are enrolled in associate
degree engineering technology programs; one-fourth of these are in
electronics engineering technology. . The institution operates on a
semester calendar. The institution is regionally accredited, and

the electronﬁcs curricuwlum is accredited by ECPD.
L ]

> . s e .
. Table 11 shows the curficulum guide; individual subjects de-
scriptions, quoted or paraphrased .from the institution's catalog,

are given in the following:

Preshman Englieh 1.--This course emphasizes wriging
adequate English prose and includes practice in Engl
fundamentals and elementary semantics.. Frequent practice
in descriptive, narrative and expository writing stresses
sound organization and technicad correctness; collateral

reading is also required.
~ A

Preghman Englieh 2.--Writipg and discussion are based:
on extensive and intensive reading and critical evaluation
of literary material. Refearch is required, the emphasis
being placed upon techniques of getting information, taking *
notes, constructing outlines, organizing material, and
writing the documented reporg. i ’

Mathematices for Electroni®s Technicians.--Including the
basic principles of algebra and trigonometry, this course
contains applications selected from the field of electronicss

3%/—39: o )
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TABLE 11.--An Electronics Engineering Technology Curriculum

—0t—-

k.

. 9
First Semester Second Semesker .
-7

. -
> \  Subject Creditd Subjeot Credit
< Freshman English.] 3-0-3 Freshman English 2 3-0-3
x Mathematics for Electronics Technicians 4-0-4 Circuit Analysis 3-0¢3
“ Introduction to Electronics 5-6-7 ,Base Electronics . i 5-6-7
& Drafting for E}ectEonics Technicians 0-6-2 General Education Elective 3-0-3
s Physicat Education 4 O-2-1 Physical Education 0-2-1

L T

Third Semester L Fourth Semester

3 |
w Subject " Crldtt . Subject Credit
o Intermediate Flectronics 3-3-4 Pulse Circuits 3-3-4
« Communications Electronics 3-3:4 'Di?ftal Computer Fundamentals 3-3-4
x Calculus for Electronics 1 3-0-3 Calculus for Electronics 2 3-0-3
e General Physics 1 3-3-4 Electronics Measurements and 0-4-2
2 General Education Elective 2-0-2 Instrumentation .
Iy Physical Education 0-2-1 Physical Education ‘ 0-2-1

credit, respectively; thus, the entry
per week in laboratory, and yeilds 7 semester hours credit,

47
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TEntries under "Credit" are given as class periods per week, laborator
5-6-7 implies a subject which me

Ed

v

y perio&s per week, and semester hours
ets 5 hours per week in class, 6 hours

2Physical Education is an institutional requirement; this curriculum contains 66 semester hours of academic
work plus 4 semester hours of physical education for a total of 70 semester hours credit.




-4]1-

= The work covers SLmultaneous equations, quadratic equations,

. ® + and basic trigonometric relationships, with the emphasis placed
‘ on network problems and the SOlUthn of alternating current
- c1rcu1ts

- .
Caloulua for Electronics 1,2.--These are ‘courses in the
method® and results of calculus which are of the most direct
_,/'use in the study of circuits. Study in the first course begins
"with the fundamental concepts and the basic operations of cal-
culus as applied to power functions. The second course deals
. . with trlgonometrlc, logarithmic and hyperbolic functikens,
infinite series, and an introduction to dlfferentlal equations.

) « Drafting for Electronics Teahntctans --This is a one
semester course de51gned to prov1de electronic technicians
with bagic skills in orthographlc progectlon, dimensioning,
chaseis layout, block diagrams and circuit diagram layout.

* General Physice 1,2.--General Physics includes the follow-
{ . ing fields: mechenlcs, properties of matter, wave motion, socund,
heat, magnetism, electrigity, light, and atomic ,structure. The
main objectives of the course are to acquaint the student with
the experifiental method, to developeégpzratory skills, and to
build up -‘an organized body of knowledge related to phy51cal
phenomena encountered’in the student's life. Necessary trig-
onometry will be developed in the course; intermediate algebra
is a prerequisite.

Introduction to Electronics. --Coverlng the electrical
fundamentals of electronlcs, this course is intended for those
students who have no prev1ous knowledge of electronics. It
includes Chm's law, DC c1rcu1ts, power, meters, magnetlsm,
batteries, inductance, capacitance, resonance, AC circuits,

. filters, Laboratoryrlncludes basic shop practices and work
"with electronics test instruments.

Circuit Analysis.--This course provides an extensive
coverage of electrical prlnc1ples as applied to electronics _
circuitg. Included are swch t0p1cs as basic network analy51s,
Thevenin's theorermnr, magnetlc circuits, inductance, capacitance,
alternating current, c1rcu1ts, impedance matching, resonance,
etc. LEssentially, this is a problem course with the continuous
application of theory to practical circuit analysis.’

Basie Elecotronice.--Providing comprehensive coverage of
the whole field of electronics, this course begins with a
study of ~acuum tube and transistor principles and parameters
This is followed by a detailed analysis of rectifier circuits,
ahd audio and video ampllflers, and radio frequency amplifiers.
r The laboratory york is closely coordinated with the lectures
- in order to develop practlcal applications of the theoretical
. concepts, -

Intermediate Electronics.--Primarily a study of transistor
physics and circuits, including a study of transistor parameters
and large 81gnal and small signal amplifier design, this course
covers .transistor bias and stability methods and extensive
qualitative analysis of many special semiconductor devices and
circuits.

Communioations Electronice.--Topics include AM, FM, mobile
communications equipment, television transmitters and receivers,
alignment and trouble- shootlng technigques.

Pulee Cirocuits.--This course includes pulse ampllflers,
linear wave-shaping, non-linear wave-shaping, multivibratots,
timebase oscillatord and generators, and dpplications of pulse
circuits.

- 2
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Digital-Computer Fundamentale.--This course includes an
introduction to the logic and circuitry of digital computers, a
survey of computers and computer programming, number systems
and binary arithmetic,. and Boolean algebra as applied to logi-
cal design. Included:also is study of the basic electronic
circuits used in digital coﬁputers, computer arithmetic opera-
thﬂP, memory elements, and input-output devices.

L.

Eleotronice Measurements and Inetrumentation.--A study of
%lrious electronic instruments and measurement techniques used

testing and analyzing électronic circuits. The course cov-
ers devices gnd methods used for sensing and presenting visual;
displays of various quantities, including transducers, oscil-
loscopes, analog and digital display devices, recorders, and
telemetry.

A Civil n 1neer1ngﬁTechnol gy
Curriculum

This civil eng}neerlng technology curriculum is-.offered at a
public monotechnical institute which is a separate branch of a south-
~eastern engineering college. The branch has approximately 1800
.students earolled in ten engineering technology curricula; about one-
third of the enrollment is in civil engineering technology. A )
quarter-based calendar is used. The curriculum currently is accred-
ited SiéECPD, and the instijtution is accredited by the appropriate

;region association.

Table 12 shows the curriculum guide; individual subjects in the
curriculum are described‘&n the following quotations or paraphpases
. from the institutional catalog:

Englieh 1.--Planning the composition, effective paragraphs,
effective sentences, some attention to grammar and punctuation.

Englzsh 2.--Vocabulary bulldlng, dlctlonary study, practice
in developing sentence style, precise writing, paragraph tech-
nique, and business correspondence.

. . Technical Writing.-,Study of the fundamentals of technical
writing style and mechanics, with practice in preparing reports
of the various types most likely to be used on the job by engi-
neering technici%ps.

Publie Speaking.--Study and practice in the fundamentals
of public speaking. The subject includes training in selectirg
a topic, obtaining and organizing material, and presenting
speeches effectively. Each studént makes several speeches before
an audtence.

Peychology.--A study of basic psychological causes of
human behavior which includes both environmental stimulation
and internal factors such as needs, drives, attitudes, and
frustration; followed by psychological testing and placement
and group behavioral patterns applied to such areas as group
communications and interactions, group leadership, industrial
training, and industrial safety.

Engineering Drawing.--Introduction to drawing, use of .
instruments, lettering, geometric construction, orthographic
projection, auxiliary views, dimensioning, and drawing eon-
ventions.

&
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TABLE 12.--£\S{311 Engineering Technology Eurriculum

4,
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First Quarter Second Quarter Third Quarter
@ , L . .
= Subject Credit Subject Credit Subject Credit
> -
=| Materials and ‘Architectural 5-0-5 Elementary Surveying 2 1-6-3 Highway Sumrveyi and 5-6-7
= Drawings i English 1 3-0-3 Construction ﬁ :
Z| Elementary Surveying 1 1-3-2 T+ Trigonometry #%5.0-5 Engineering MecManics 2-0-2
w| Engineering Drawing 1 0-6-2 Physics 1 4-2-5 English 2 3-0-3
&] Algebra 5-0-5 Analytic Geometry and 5-0-5
Computer Programming 0-3-1 ) " Calculus
117275 13-8-T¢ 15-6-17
Fourth Quarter — Fifth Quarter Sixth Quarter 2

o Subject Credit Subject Credit Subject Credit
= Strength of Materials 3-2-4 “Municipal Sanitation 4-3-5 Estimating 3-3-4
w| Land Surveys 2-6-4 and Hydraulics . Structural Drafting, 0-4-2
S| Physics 2 4-2-5 Soils and Materials 5-6-5 Concrete i
Z| Psychology 5-0-5 ‘Testing . 2 Topographic and 2-6-4
x Technical Writing ’ 3-0-3 Contour Surveying
S Physics 3 : 4-2-5 Heavy Construction 2-3-3
n ) Public Speaking 3-0-3

-

TEntries under “Credit" fndicate, respectively, class hours, laboratory@ours, quarter credit hours.
2The curriculum total is 100 quarter hours (approximately equivalent to 66 semester hours);.no electives

appear.

T
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~axially loaded members, connectors, beams and columns. . .

. -4y- X

Algebra.--Systems of equations; exponents and radicals;
quadratic functions; graphs of functior's; ratio, proportidn
and variation; complex numbers; higher degree equations; in-
equalities; logarithms; progressions and deéterminants.

Trigonometry.--Trigonometric functions, plane right
triangles, reduction formula, fundamental relations, identities,
addition formulas, double angles, half angles, inverse func-
tions, solution of oblique triangles, ‘logarithms, and complex
numbers. N ‘

Analytic Geometry and Calculus.--An introduction to the _
analytical study of the straight line and conic sections. A \
survey of fundamentals of the calculus, including the.differen-
tiation and integration of polynomials. Applfcations to rec-
tiline@r motion, macima and minima, areas, maxima, fluid pres- -
sure, and work. '

Computer Programming 1.--An introducfjon to programming
the digital computer for solving elementary problems in math-
ematics’and technology.

Mgteriale & Architecturagl Drawings.--An introductoqy
study .of reading architectural drawings, the physical proper-
ties of materials that are used in structures, and the lang-
uage of construction. o

’

Elementary Surveying 1.--Care and use of engineer's level,
transit and tape, leveling, traversing. ..

Elementary Surveying 27 --Continuation of Surveying 1:
Closure and area computations, stadia, contours, building lay-
outs, profile levels, U.S. System of Land Surveys, earthwork, -
lines and grades, city surveys, the interpretation and plotting b
of field notes of topographic surveys.

Highway Surveying and Construction.--A study of highway
location, geometric considerations, drainage and sizing of
drainage structures, grading and earth movement, soil stabi-
lization and road surfacings, and preliminary and construction
surveys for route locations. Included are simple, compound,
reverse, and multi-centered circular curves, highway and rail-
way spiral easement curves, superelevations, and parabolic
vertical curves. The laboratory time is used for field lay-
out of curves, earthwork problems, and-the preparation of a

complete set of highway plans. <
’ Municipal Sanitation and Hydraulice.--A study of sources,
collection, treatment, and distribution of municipal water .

and sewage systems. The subject matter includes fludg statics,
flow of an incompressible ideal fluid, flow of real fluid in
pipes, multiple pipe-line problems, liquid flow in open channels
and fluid measurements. The laboratory time is used for fluid-
flow measurements and visits to water and sewage plants.

Structural Drafting-Coficrete.--A study of various types
of concrete floor systems and preparation of working drawings
for the concrete members of a structure. As a term project, J
the student is given the design for a multi-story concrete -
framed building from which he prepares ghe structural plans .
and the shop details for a part of the reinforcing steel.

Engineering Mechanics.--Statics; principles and applications
rof free body diagrams for force systems, shear and moment
% jagrams, deflections of beams by numeriecal integraﬁion, de-
termination of section properties. ‘ :

Strength of Materials.--A discussion of strength of materials
concepts. Subject matter includes stress and strain analysis, -
both elastic and plastic, with emphasis on elastic analysis of

Ld
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Estimating.--4 course designed to develop a method of
preparing material and labor quantity! surveys from‘actual
working drawings and specifications.

Soile & Materiale Testing.--A study of aggregates, cement, g

cancrete, soils.” Testing aggregates, mix designs, adjustments,

slump, eflculations of concrete characteristics, actual mix-

ing, curing and testing. Theory of soil mechanics as applied

to permeability, consolidation,’ shear strength, unconfin gd and

triaxial compression. Inplace den51ty, Atterberg limitsy com-

paction tests, Specific grav1ty, grain size, classification of

soils. Asphalt properties, mix design, and testing. }

Land Surveys.--Theo;y and practice of land surveying,
subdivision; filing and fecording deeds; U.S. system of land
subdivision; plane coordinate systems; county and state laws; .
city surveying procedure; use of instruments and computations. : ¢
on astronomical observations for azimuth determination; State ~

Land Lot System of land subdivision.

Topographic and Contoup Surveying.--Theory, degcription,
and use of advanced surveying instruments and methods; practice
of state anS{iocal coordinate systems for cadastral surveys . ’
and construction work; field work for the design and construction
of engineering projects; use of the Plane Table on Topographic
surveys; altimetry, optical-type instruments; triangulation; -
base-line measurements; hydrographic surveying.

Heavy Construction.--Heavy construction operations; fund-
amentals, equipment, earth excavation and movement, drilling
and blasting, production of stone aggregate, concrete mixing
and placing, pile driving, cofferdams, foundations.

Physice 1 (Meihanics).--An introduction to Newtonian .
mechanics. The subject matter includes measurement, accelerdt-
ed motion, ballistics, the laws of motion, friction, statics,
circulap motiony work, energy, momentum$ rotary motion, simple
machines, elasticity, simple harmohlc motion, and  the statics
and dynamics of fluids.

Two demonstration lectures and two recitations per week.
Laboratory exercises supplement the work in the classroom.

Physice 2 (Electricity and Magnetism).--An introduction to.
electromagnetic theory and its simpler applications. The sub-
ject matter includes electrostatic forces, fields, and potentials,
electric ¢urrent, resistance,. simple d-c circuits, capacitance,
magnetic forces and fields, electromagnetic induction, induc-
tance, simple a-c circuits, and electromagnetic radiation.

Two demonstration lectures and two recitations per week.
Laboratory exercises supplement the work in the classroom.

Phyeics 3 (Heat, éound, Light, Modern).--An introduction
to the theories of heat, sound, and ljght andsa ‘study of their
simpler applications. The subjebt mgtter includes thermometry,
elementary thermodynamics, heat transfer, wave motion, sound, h ‘
reflection and refraction of Tight, and physical optics. )

The modern physics segment includes brief considerations
of relativity, quanta, atomic structure, the nuclear the nuclear
atom, radioactivity and nuclear energy.®

Two demonstration lectures and two recitations'per‘ggek.

Laboratory exercises supplement the work in the classroom.

A Mechanical Engineering Technology -
’ Curriculum e B =

-

* This mechanical engineering technology curriculum is offered

;

/

v

S 54 - :




. T

4
‘the(Upited Stafeg. The institution has a total enrollment of
appréximgtely“uso studehts; some 350 of these are Mrolled in five
ergineering technology prograps offered, about 80 in this curriculum.
Th? curricilum is.accredited by ECPD. A semester-based calendar is ~

employed. ' . . : ,
. . - . .
Table 13 gives the curriculu% guide; the subject descriptions,
abstracted from-the institution's catalog, appéQi\;n the following:
L4

+ Technical Draftzng }.--This course providé&s b351c know-
ledge of the standards and uses of ‘drafting and develops skill

in the use of drafting equlpment It covers lettering, prin-
*ciples of pPOjeCtlon, ,auxiliary views, sketching, layout, geo-

metric constructlon, and ‘dimensioning.

Technical Drafting 2,--The fundamentals of graphic theory
‘as applied to mechahical englneerlng problems as developed
through a study ©f the relative position of points, lines,
and planes in space; also covered are intersections and develop-
. ments of geometrical solldz, the recognltlon of standard s§mbols
for materials and mechanical parts, and their use in diagrams
and drawings. - ’

ﬁ English 1. --Des:Lgned to teach the student to read and t

ically, to-wri effectlvely and to understand the funda-
mentals of written and oral composition. Sentence structure,
paragraph developmént, and the construction of essays i lving

the collection and use of mgterials are stressed. Atte n is
glven to the proper delivery ®f oral material. Some in ction
is given in the principles of correspondence. A major arch

paper is required in this course.

English 2.--A contin®tion of English 1, striss’ng the
analysis and development of the formal patterns of expdsitory
writing. Selected works from bgih classical and current
literature are critically examined™and ewaluated in lecture
as a basis for class discussion. Themé assignments ramge from
the simpler types-of expository writing to the formal research
paper. A major written repost is required.

Manufacturing Processes 1.--A study of the various
manufacturing processes used in industry. Laboratory work
includes layout work and the use of the ?asic hand tools, and
the operation of drills, milling machinef, shap@rs, and grinders.
Demonstrations are given with automatic and special machines.
Field trips are taken to local manufacturing plants. &

Manufacturing Processes 2.--This course placks emp§351s
—~of the. hot manufacturing procegses 4nd includes the study of
* metallurgy, foundry workk/9xﬁeg£e fabrication of metals by
welding. Laboratory work includes the preparation of metallurg-
+ ical specimens for metallographlc examination and to interpret

- grain structure. Work is, given %#h-heat treating and the use of
the Brinell, Rockwell, and Scleroscope hardness testlng machines.

.' Strength of Materials. --The first part of the course deals
ilth statics, 1nclud1ng various forces and static and kinetic
riction, and a review 6f physics leading into a study of the
physical properties of common materials. Study is made of the
interhal stress and deformation of elastic bodies resulting
from the action of external. forces.

Hydraulics & Pneumatic ControW.--A study of elementary
fluid mechanics with emphasis on the' use of hydraulics and
(zgfeumatlcs for power transmission and for control.purposes.
study of the basic components of hydraulic and pneumatlc
systems and how they are combined to build up various circuits.
' Ay
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TABLE 13:--A Mechanical Engineering Technolbgy CurricuTum, )
: ”
yd
A\ 'L . v
- . First Semester Second S,emest&r
L
L} 1 - LY
Subject Credit Saubject Credit
o ‘ ° . . . .
= Manufacturing Procésses 1 3-3-4 Manufacturing Processes 2 2-3-3 9
> English 1 3-0-3 English 2 3-0-3
= Technical Drafting 1 . 0-6-2 Technical Drafting 2 0-6-2
=3 Technical Mathematics 5-0-5 Calculus 4-0-4
z Physics 1 : 3-3-4 Computer Programming 2-0-2
w Physical Education ' 0-2-0 Physics 2 : 3-3-4
. x \, . ™~ . Physical Education 0-2-0
: »  TEIZI-T8 . T3-T4-T8
) ‘J'hird Semek’ter ' “Fourth Semester
Subject . a Credit Subjéét v Credit
o .
. é Strength of Materials 3-3-4 Machine Design = 3-3-4
Hydraulics & Pneumatic 3-3-4 Design Problems 2-6-4
p~; Controls . Electricity & _Control 3-3-4
2 Tools & Jig Desig 2-6-4 Labor Economi 3-0-3
S Basic Mechanisms 2-6-4 Introduction to Philosophy  3-0-3
= Pripciples of Economics 3-0-3 ‘
S - + T3-T8-T9 T7-TZ-T8.
1 .
.
- ’
»
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Electricity & Controle.--An introduction to electrical -
cxrcu;ts and equipment with emphasis on the concepts of elect-
rical physics. The lab portion and part of the classwork :
place special emphasis on electrical control circuits and how
they are used in conjunction with hydraulics and pneumatlc
circuitry. X

——

1

. Bagic Mechaniams.--A stﬁdy of the characteristics of
mechanisms used to provide motion. The uses and design of
belt§ linkages, cams, ratchets, valves, clutches, universal

301nts, and gears are a few of gthe problems considered. :

Machine Design.--The design principles of machine elements
and the calculations neceggary’ in determining the size and
shape of various machine parts. ’ Attention is given to the
variois types of loading conditions, stresses, tolerances,
finishes, and other factors which must be considered in the
design of machine élements. . .

Tool and Jig Design.--This course applied the application
of design principles, mathematics, ard basic science to the
sTu of the design of: cutting tocls, gages, and .holdifig de-
vices which may be required in,the manufacture of items by
automation and mass production.

Design Problems.--The opportunity to use advanced draft-
ing techniques while designing a complete machine or component
parts. The appllcatlon of knowledge of mathematics and science
to practical problems in designing. The course is designed to
encourage the student to use his judgment, initiative and know-

ledge to complete a problem.

Techgical Mathematice. --Relation of mathematics to engi-
neering applicatiens and development of an appreciation of the

Aimportance of prec151on in mathematical thought. Covers use of

slide rule, solutidén of linear and quadratic equatlons, ‘exponents
and radicals,,logarithms, exponential functions, sine and co-
sine laws, bi%omial expansion and progressians, vectors,! oper-
ations with 1mag1nary and complex numbers, polar and rectangular
codrdinates, trigonémetric identities and equations, graphs of
trigonometric functlons, and selected topics from mathematics

of investment. *

Caleulus. --Presentation‘of basic concepts of plane analytical
geometry and kalculus. Emphasis placed on technlhues of dif-
ferentiation and 1ntegratlon and their applications in the tech-
nical fields.

Computer Programming.--Introduction to flow charting and
the BASIC and FORTRAN languages; their use im solution of math-
ematical and engineering problems; appllcatlon of data to
existing programs .,

Phystcs 1. --The purpose of this course is «to give the ®&tu-
dent in engineering technology a thorough study of the basic
principles of physics. Topics covered in this coutrse are systems
of measurement; dynamics, including motion, acceleration, forces
producing motiocn, and pewer; statics Jingluding concurrent and
non-concurrent forces; heat including sphsific heat, latent *
heat, and heat transfer; fluids, includin ertles of %‘ﬁ’

\flUld pressure, density, buoyancy, .and hydraulics; sound’ i

cluding simple harmonic motion, wave motion, and acoustics.

Phyesios '2.~--This course in a continuation of Physics 1,
and is a study of electricity and magnetism, including fields
of force, potential; current, series and parallel circuits,
energy, power, induction, capacitance, and AC series circuits;
light, including reflection, refraction, thin lenses, spectra,’
interference, diffraction, and polarized light; atomic and
nuclear physics. -

E;m
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Principles of Economice.--This is an ihtroductory cdourse
in which thepry and practice are integrated. It includes
issues of public interest where economic analysis has a direct
bearing. In the micro-economic area (dealing with the individ-
ual parts of the economy) price theory is covered; a heavy
emphasis is placed on micro-economic theory in the area of un-
employment, national income, inflation, the balance of payments,
and eccnomic growth. Economics is a systematic subject and its
fundamentals are cgrefully studied.

Labor Economice.--This course deals primarily with such
modern problems as unemployment, inflation, race relations and
poverty. Union organization and,its effects in the market
structure are emphasized. Public and private approaches to
security in pold age, disability and unemployment are discussed
in depth. Government legislation and control over the labor-
management area are covered, especially the Wagner Act, The
Taft-Hartley Act and the Landrum-Griffin Actj; civil rights
legislation, fair employment, equal pay legislation and labor ,
negotiations are covered.

Introduction to Philosophy.--This course includes a meth-
odical examination of the diverse viewpoints, methods, and
conclusdons of significant philosophers in such topics as
political philosophy, ethics, philosophy of religion, theory
of knowledge, and the problem of appearance and reality.

. b * «

. A Chemical Technology Curriculum o ‘

This chemical technology curfriculum is gffered by a public,
comprehensive community college in the "Middle Atlantic!' region '
of the United States. The ihstitution originated as a polytechnical
institute, but it has become comprehensive in its offerings fairly
recently. The institution uses a quarter-based calendar. The
institution is regionally accredited, ECPD has accredited this
curriculum, and other specia}ized curricula have been acTred;ted by
the appropriate agencies. The college has more than NOOG‘étudents;
upo of these are in engineering technology programs, with about 30

in chemical technology. ) )
”

- The curriculum guide is given in Table 14} subject descriptions,

quoted or paraphrased from the institution's catalog, appear in the

bfollowing?

English 1.--Introduction to the nature and history of .
language. Semantics. Levels of usage. The construction of.
effective sentences and paragraphs. Critical reading of relateé( :
essays. .

"Englieh 2.--Instruction ahd practice in the different types
of writing ipcluding informative, evaluative and persuasive.
Style, tone and diction, and their relationship to the writer's
purpose. Critid®al reading of related essays.

English 3.--The r!!ding‘of proge selections dealing phil-
osephically with man and his views of the world. Dlevelopment
of analytical reading, critidal thinking and effective com-
munication.
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TABLE 14.--A Chemical Technology €Orriculum. ,

First Quarter

Second Quarter

Third Quarter

L

[- 4 -
= . Subjeot Credit Subject Credit Subjeot Credit
> ' .
z Chemistry 1 4-3-5 . Chemistry 2 4-3-5 Chemistry 3 4-6-6
= |© Orientation 1-0-0 Sociology 1I- 3-0-3 Computer Programming 2-2-3
= - Englishtl 3-0-3 . English 2 3-0-3 English 3 3-0-3
b College Algebra 4-0-4 Analytic Geometry 3-0-3 Analytic Geometry 3-0-3
w and Trigonometry and Calculus 1 and Calculus 2
Engineering Drawing 0-3-1 Physics 2 3-2-4 Physics 3 3-2-4
Physigs 1 3-2-4 .
) Fifth Quarter Sixth Quarter
hx Fourth Quarter e xth Q -
< 5
: hd [y
- Subject Credit Subject yedit Subject Credit
[+ 4
= Quantitative _F- Quantitative e Instrumental Methods e
3 Analysis 1 3-6-5 = Analysis 2 3-6-5 of Analysis 3-6-5
= Organic Chemistry 1 3-6-6 Organic‘ChemistryDZ 3-6-5 Organic Chemistry 3 3-6-5
S Stoichiometry 4-0-4 Unit Operations 1 3-3-4 Unit Operations 2 3-6-5
Analytic Geometry 3-0-3 Sociology. 2. 3-0-3, Sociology 3 3-0-3
and Calculus 3 Y ~,
13-1Z2-17 » . TZ-T507 T2-T8-T8
”» - < Y | i
: ‘ ” 6!
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Engineering Drawing.--A basic drafting dourse designed to
orient the student in lettering, measurements, line work, use-
of instruments, sketching, orthographiq projection. Exploratory
work in the areas of dimensioning and notes, sections, auxil- .
iaries gnd assemblies. Use of catalogs, printed data sheets.

' Chemigtry 1.--K theoretical.treatment of fundamental prin-
ciples and laws underlying chemical action, their integration

"with the theories of atomic structure and chemical bonding,

and correlation with the position of the elements on the periodic
chart. Atomic structure, the periodic ¢hart, chemical bomding,
the states of matter, gases, thermoc emistry, chemical arith-
metic, with emphasis on structure and energy changes.

Chemisjpy” 2.--A continuation of Chemistry 1 to include
solid and 1liquid structure, solutions, chemical and physical
equilibrium, introduction to chemical kinetics, voltaic cells,
electrolytic cells, redox, nuclear chemistry.

Chemistry 3.--First in a sequence of courses to familiar-
ize theestudent with analytical chemistry in which both quali-
tative analysis and quantitative analysis are integrated.
Theory in solution equilibria and chemical methods of separa- ¢
tion and measurement. The laboratory work in qualitative
chemistry includes the identification of the more important
cations and anions and .the aralysis of mixtures. The c.anti-
tative portion includes gravimetry, neutralimetry, Rrefipiti—

' metry, redoximetry and compleximetry.

Juantitative Analyeie 1.--A continuation of Chemistry 3 wit:r
an emphasis on the application of physical and chelmical theory

to the more important gravimetric, volumetric and elementary
instrumental methods of analysis. Laboratory work requires
statistical treatment of analytical data and the practical

application of computer programming for quantitative analysis.

Quantitative Analysis 2.--Instrumental methods of analyt-
ical chemistry, primarily electrochemical methods. Laboratory
experiments in potentiometry, polarography, coulometry, conduct-
imetry, radiochemistry and electrogravimetry. Related technical
report writing. -

. Instrumental Methode of Analysis.--Instrumental methods

of analytical chemistry, primarily optical methods. Laboratory
work in visible, ultraviolet and infrared spectrophotometry,
chromatography--column, paper, thin layer, and gas. Chemical
microscopy and emission spectroscopy.

Organie Chemistry 1.--Basic principles of organic chemistry,
employing the reaction.mechanisms and transition state consider-
ations. Structure and reactivity, alkanes, free radicals,
alkenes, carbonium iop theory,- electrophilic addition, alkynes,
dienes, resonance, elecrophilic aromatic substitutions, arenes,
and alkyl halides;* laboratory stresses basic techniques of
reactions, separations and isolations. :

Organie Chemistry 2.--A continuation of the study of
additional classes of organic compounds followed by a study
of tautomerism, stereochemistry, carbohydrates, proteins and
dyes in terms of modern structural theory. Properties are
linked to structure by a study of reaction rates, equilibrium, . -
transition state and activation energy, reaction mechanisms,
resonance and orbital theories.

-

urganioc Chemistry 3.--The identification of organic com-

pdunds by correlation of fundamental properties and the be-

havior of organic compounds with their structures. Preparation

- and properties of polymers. S

-
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Stoichiometry.--A first course in chemical engineering
background. Application of chemistry, physics and mathematics
in solving engineering problems. Special emphasis on dealing .
with material and emergy balances and the solution of problems.

Unit Operatione 1.--A theoretical treatment of the basic
unit operations of chemical engineering, including fluid flow,
heat transfer, evapofation. Labeoratory experlmentatlon is con-
ducted in the above areas using pilot plant size equipment.

Unit Operations 2.--A theoretical treatment.of the basic
unit eperations of chemical engineering, including evaporation,
8istillation, drying, gas absorption and filtration. ' Laboratory
experimentation is conducted in the above areas using pilot )
plant size equipment. ’

Algebra and Trigonometry.--Topics in algebra and trigo-
nometry necessary in technical courses: system of real numbers,
funetions in general, graphs of functions, complex numbers, .
theory of equations, systems” of equations, permutations and
combinations, binomial theorem, as well as exponentlal log-«
arithmic and trigonometric functions.

Analytic Geometry and Caleulus 1.--Rectangular coordinates
in a plane, the straight line, slope anc irclinaticr eguaticrns
of curves, discussion of a curve, ’“PCthFS and limits, inde-
terminate forms, continuity, tke derivative, differentiation of
algebraic furctions.

Analytic Geometry and Calculus 2.--Applications cf dertva-_
tives, maxima and minima, differentials, indefinite integrai,
definite integral, applications of definite integral. Area
between curves, volumes by cylindrical washers and shells, length
of plane curve, centroid and second moment of area, moment of
inertia. .

Analytie Jeometry and ”aZcuLue 3. --;ntegratlon by standard
forms, integration by parts, trigonometric substztutlon,
partial fractions, use of table of integrals, applicaticns of
definite integrals. Trapezoidal and parabclic approximation,
improper integrals, indeterminate forms, infirite series, ex-
pansion.of funsctions in series.

Physice 1 (Mechanice).--Composition and resclution. of vectors,
equilidbrium, concurrént and nonconcurrent forces, friction,
statics, kinematics and linear moticn, projectile motion, cur-
vilinear motion, work and energy.

Physice 2 (Venhantcs, HBeat and Sound).--Pcwer, impulse and
momentum, osc1llatory motion, fluid mechanics, thermometry,
thermal expansion, thermodynamics, change of phase, heat kransfer.
Wave motion, intensity and quality bf sound waves.

-

Physics 3 (Electriodty and Magnetism; Light).--Coulomb'
Law, electyic fields, potential energy and potential, DC and AC
circuit's, conduction in solid liquids and gases. Photometry,
geometrical og;ics, refraction and reflection, nature of light

Soetiolog 1.--Sociologi€al facts and principles dealing with
the scientific study of human relationships. Emphasis on analysis
and study of culture and human society, soc1allzatlon, grough
and group structure,

Soeciology 2~--Stratifidation, ccllective behavior patterns
and the various social institutions including-associations, the
family, and educatien. The application of sociological prinadples
relating to the agents of social change.

So'etology 3.--The structure of the aggregates of population,
minority groupings, c‘ime and delinquency, and major-changes in
technology, urbanism and polltlcal structures as they relate to
man.
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MATHEMATICS AND PHYSICAL SCIENCE IN ASSOCIATE ,
DEGREE ENGINEERING TECHNOLOGY CURRICULA:
: A STUDY OF TOPIC COVERAGE IN .
’ Q SELECTED COURSES -«
N’ N~
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~

Thie paper describes some characteristics of the mathematice,
chemistry, and physice courses taught in institutions which offer
agsociate degree engineering technology curricula. It gives some
insighte into the topice included in syllabuses for sych courses ’
and the relative emphasis placed on each topic by certain institu-
tione chosen as iZZu}trative examples. Where poseible, inferendes
are drawn about factore which may be reZTted to varioue differences

discovered in topic coverage practice.

Procedures and Sample *

Data for this étudy were collected by séveral‘means: personal
visits by the writer to 24 institutions which offer associate degree
engineering technology curricula; concommitant interviews with faculty
membBers at these institutions; examination of catalogs and other
institutiomal publications; and a series of questionnaires completed
by faculty members teaching the courses which were the subjects of
this investigation. The visits, interviews and document examination
provided general information about the naturé of these courses,'the ’
facilities provided for them, and the institutional philosophies re-
lated to them. The questionnaires sbught to elicit information about
the relative emphasis given to various topics in the sQllabus for

each course.

-

The 24 institutions which constituted the sample ‘were selected
from all geographic regions of the country and were equally repre-
sentative of monotechnical institutes (institutions offering engi-
neering technology curricula only), potrytechnical institutes (insti-
tutions offering a variety of technical programs, healh-business-,
and -other-related, as well as engineering technology), and compre-
hensive community colleges (institutions offering transfer, technical
and adult education programs). The sample contained both institutions
with one or more curricula accfeditéd by ECPD and institutions with

cuqricula not 80 accredited.

All institutione in the saﬁplg&sppplied catalog and document
data; not all, however, responded to the questionnaires. In addition,

G/ 55- -
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some questiohnéires were incomplete or late and were not included

* ih the*analysis. Furthermore, not all institutions offered a chem-
istry course, which further'reduced the data base in that area. The
limited data base, however, is not considered a serious defect, since
the purpose of this study is to illustrate--rather than to define--

’ practices in the presentation of mathematics and physical science

in engineering technology curricula.

v

The 1nvest1gatlon was limited- t; mathematics, chemistry, and /
physics subjects; the questionnajres related to each of these area
are réﬁroduced in Appendices B;d% and D, respectively.y Faculty i
members indicated,, in completing the questionnaires, the‘exgent 6f

topic coverage for various topics on a five-point scale, as follows:
’
L]

A. Not Covered 4

B B. Introduced Only "
C. Brief Discussion ‘
D. Covered in Some Depth

E. 'Covered in Detail

The choice of a sybjective measure of topic égzsrage was deliberately
made. Alternative techniéues, which might have'invo%ved "time in
class," "percent of tdtal course,” or similar pﬁeudo-quantitatiﬁe
measurements, were deemed to be cumbersbmi and impractical in light
of the resources available for subsequent analysis and the limited °

-

goals of the investigation.

Findings, are reported separately for mathematics, chemistry,
-and physics. Details are given in table; appearing later in the
report. In these tables, entries under the heading, Prequency of
Response, Coverage Given represent the numbers of times which A,
B, C, D, and E, respectively, were checked bfrthe faculty members ’
who responded to the questionnaire. Numbers in columns headed
Item Score are obtained by first multiplying each frequency by an
appropriate weighting factor (arbitrarily chosen here as 0 for A,
1l for B, 2 for C, 3 ny D, and 4 for E), th;n summing these products,
and finally dividing this sum by the total of the frequencies.
That is, . K\\\_\\

¢ o Lifi¥s iz A,B,...,E
=i

b]

where S=the item score, f za given frequency, W, =the weighting
factor, and N Zf =the total frequency. The 1tem score, S, thus
represents a crude measure of the average relative emphasis given
to each topic.

The value of S for a particular topic could conceivably range

-

» . .
from 0 (no institution includes the topic) to 4.0 (all institutions

ERIC | | 66
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cover the topic in detail); actual S values are expected to rang?
'iess widely. It-was judged sufficiently descriptive here to regard

topiecs with an item’'score of 1.3 or lower as ones generally receiving
1Yttle or no emphasis, topics with-scores ih the range from 1.4 '
through 2.7 as receiving "moderate" emphasis, and topics_with item

~

scores of 2.8 and above as receiving. "substantial" emphasis. The

T

Relative Emphasis 'columns in the data tables indicate the topics
which apgpear to receive moderate (*) and substantial (**) emphasis

in associate degree engineering technology programs.

Finally, the data tables will indicate--in instances where
approciable differences appear to exist--whether technical colleges
(T) or comprehensive commﬁnity colleées (C) give the greater relative
emphasis to a particular topic. Entries are made under a column
headed Emphasis Difference. To obtain data for this column, item .
scores were separately computed for the-technical colleges and the
community colleges in\the sample. These scores were compared and
if they differed by more than 1.0, the appropriate symbol, T or C,
was entered in the table to indicate which item score was greater.

- g MATHEMATICS

‘A1l associate degree engineering technology curricula contain
courses in mathematics. Jgn effort has been made here toc identify
the general charqcterigtics of such courses by studying a small

sample. The results of the study are presented in the following .
sectians.

Nature of the Sample ‘

The mathematics courses at 17 institutions were included in &
the analysis. Three other institutions submitted questioﬁnaires,
but these responses were late or incomplete and had to be rejected.
The 17 institutions submitting usable data had a national distri-
bution geographieaily and consisted of 9 technical colleges (mono-
tdchnical institutes and polytechnical institutes as defined else-
where) and 8 comprehensive community colleges; 11 of these instit-

"utions had one or more curricula accredited by the Engineers' Council %
for Professional Developnent and 6 did not. The sample is reasoﬁ?bly
representative by region and institutienal type,‘but is slightly

biased in favor of institutions w#th ECPD-accredited curricula.

S

1
..

«General Observations ¢

. Most often, the mathematics sequence at the institutions in

the sample appeared as a series of three courses each carrying 3

(%]
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semester credits (§ quarter crea;;;tfor institutioms pn a quar:er—
. baséq calendar). .Some var ations‘in this pattern were discovered,
a(: 3-3, Y-4-by 5-5-2, 4-3-3, and others. ,
In general, the dourse tities associated with sequences of three

inclgsing sequences such
courses: were Algebra, Trigonometry, and Elemente of Caleulus, or '
- similar tit}es; as might be expected, congiderable variation among
instituﬁions was noted. The catalog descriptions ¢f these courses
frequently implied that the courses in the sequence--especially’
Elgmgnts of CaZc&Zus--were open to engineering technology students
on%x. The catalogs also frequently implied that certain mimimup
- prerequisites had tc be met for enrollment into the f%;st course |
in the‘gequence; in most cases, remedial courses were offered, with-

out drédit, for the benefit of students who lacked such prerequisites.

Topic Coverage

-~
The questionnaire related to topic coverage in mathematics

(Appendix B) contained 466 items in 56 concept areas. Table 15

gives data on the relative emphdsis given to these .topics, as re-

ported by the respondents.

It can be noted from the table that many topics were perceived
to receive only limited treatment, if any. Topic coverage prgctices
did not vary appreciably between technical colleges and.comprelri
hensive community. colleges; significant differences in jtem scores
(see definition supra) were detected for)only 23 items out of the
466, a mere § percent. Where communi college responses gave item
scores which exceeded those of the fgghnical colleges (IO.cases),
the items were in general related to fundamental theoretical con-
cepts; where techni?al colleges had the larger item scores (13 cases),

the items almost always were related to special applications of

certain concepts.

Comments

It is interesting to examine the relative emphasis reported as

given to each of the 56 major concept areds included in the question-
. naire. Table 16 lists relatjare emphasis by concept area and by

course with which the coﬁcept is usually associated. The table was
constructed by noting the frequency with which items receiving
moderate or substantial emphasis appeared in each concept area and
evaluating the concept area épﬁropriately. This table effectively
summarizes the course syllabuses of mathemétics courses currently

\

being taught. It could serve (1) as a crude model for the dgyelops
ment of courses by institutions considering inauguration"oﬁ engi-

neering technology curricula and (2) as a criterion against which

ERIC ' : 5 .
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. }ADLE 1§5.--Coverage Given to Selected Yonics in the Mathemstics Course Sequence Intended for Students
o’ . in Assoctate Degrue Engineering Programs. - -
P

> , /

g

s

Frequency of "Respons
Tepic, by Concept Area Topic Coverage ltem Relative Emphasis
’ A s c [ £ Scére Emphasis Difference

1 Tha Fumber Systems of
Algsbra
Sets
The natural numbers .
The real-number systen

The Fundamental Operations
The relation of equality
Addition of monomials and
polynomials

Subtractidn of monomials

“ and polynomials .

Axioms and theorems of
multiplication

Law of stgns for multi-
plication

Law of exponents in multi-
plicatton .
Multiplication of two or
more expressions

Division of algebraic

* expressions

3 Special Products and FPaetcfing
The prpduct of two binomiafs
The product of two frinomtdTs
The square of 8 polynomial
Fattorting
Factors of a quad!:tic

trinomtal -
Trinomials that are perfect

* squares P s

Factors of a binomfal

Lommon factors ‘ ‘

Factoring by grouping

Oifference of tdo squares

4 Fractions
Conversion of fractions
Myltiplication of fractions
Divisfon of fractiond
The lowest common
denomipator
Addition of f‘actions
Compiex fragtions
5§ Ezponente and Radicals *
Nannegative integral
exponents
Negative integral
exponents
Roots of numbers
Rational exponents
Conversion of exponential
expressions ‘
The prodyct and quotient.
of two radicals
Rationalizing monomial
denominators
Ermanging the order of a
radical
Addition of radicals
Additional operations
involving radicals

& Linear and Fraotional Equatione
bguivalent equattons
Linear equatfons in one unknown O
Fractional equations 0

JSolving stated problems

/7 4quadratio Equations
Solution by factoring
Solutioh by completing thé&

square ’
Cogplex numbers
The quadratic formula
Equations in quadratic form
Equatfons that fnvdive
radicals of the second order
Problems that lead to’
quadratic equatiens
Nature of the roots
The susl and product of the
roots
Factors of a quadrattc
trinomtal

& Funotions and Sraphs
Ordeted pairs of numbers
Functions

Functions’ notation
Relations

The rectangular coordinate
witem

The graph of a function

The inverse of a function

hnan 4




Ttast Topic., by Concept Area Topic Covarage Item Relative Emphasis,
No A B ¢ o £ Sc'o.re Emphasis Difference
- [ .
\ 3\835“»15 of Equations ,
H Equations in twe variables [ [ 2 § 10 35 o
60 . Graphs of equations in two M
varisbles N » le Vo0 6 S 32 e
61 Graph of a quadratic equation v
3 in two variabTes 2 [ ] 8 ? 31 ve
62 Graph of .2 linear equation In
« two vartables . 1 1 a 3 12 34 e
63 Graphical solution of a
system of equations 2 1 o 4 10 32 LA
[ Consistent, inconsistent,
and dependent equations 3 "] 4 [ 4 25 .
65 Algebraic methods of
solution, system of equation 1 1 [} 4 1 34 (L
66 Elimifnation by addition or
subtraction 1 0 1 ] 9 33 e
67 Elimination by substitution 1 0 1 & 9 33 b4
68 Elfmination by a combination »
of addition or subtraction
and substitytion t ] 1 ] 9 33 had
69 Symmetric equations 5 2~ 4 6« 0 16
70 Problems leading to systems
of equations 2 0 2 ? 6 29 e
71 Problems solvable by means of
simultaneous quadratics 1 "] 4 9 3 28 LA
-~
10 Elementaby Dezermirants with
Applicatiors
72 Determinants of the second order 0 2 2 € 7 31 e
73 Solution of 2 system of two N
linear equations , 1 4 4 8 31 ve
74 Systems of three lindar
equations 1 1 4 5 € 28 b4
75 Determinants of the third
order 1 2 3 5 6 28 v
76 Solution of a system of
“ three linear equatdons 1 1 4 6 5 28 e
Jomplez Humoers
77 Cefinitions 3¢ 1 1 4 7 Y 25 .
78 fundamental operations‘ on
complex numbers 3 1 1 3 8 2 6 .
79 Geometrical represeftation H 1 Q 4 7 24 .
80 Geometric addition and
Fubrtraction 5 1 a 3 8 25 .
81 PG lar representation —\ 3 3 Q 3 7 2.4 .
82 The product of two complex -
numbers in poler form 2 1 3 ] 2 4 .
83 The quotient of two complex
numbers in polar form, 4 2 1 3 ? 2 4 .
84 De Mofvre's theorem 7 1 0 4 Pt 5 19 .
85 ¢ Roots of complex numbers -6 0 a 57 6 . 23 .
i> megher-Tegree Ejuaiions . N
86 P. Rational-integral equations 5 0 5 5 2 19 .
7 " The remainder theorem 5 Q 5 4 3 20 *
8 Factor theorem and 1ts converse 4 0 4 5 4 23 .
89 Synthetic division 3 2 2 [ 4 2 4 .
90 erabh of a polynomial 3 qQ 2 7 5 26 .
91 Ltecating the roots 4 1 2- 6 5 25 .
92 Ku=zber of Roots 3 1 2 ] 3 2 4 .
93 Bounds of the real roots ] 1 3 4 1 14 .
94 Rationpl roots of a . .
polynomial aquation [ 1 i 7 2 19 .
95 The depressed equation 8 3 1 2 13
96 Process of obtaining all
rational rootg 6 2 3 5 2 «1 8 .
97 Descartes’'s rtle of signs 9 '} € 1 1 11
98 imaginary roots 3 3 2 ? 1 19 .
99 rrational roots §y successive ©
“ magnification 4 2 2 2 o 7
100 . T;xs'“““on of'an equation to
rease its roots 1 2 2 2 0 7
101 Horner's method for determining 4 B
{rrational roots 14 2 o 1 [ 3
102 Identical polynomials a3 1 | 2 0 5
103 The cubic equation 10 0 4 2 1 11
104 The quartic equation- n 0 3 3% ¢ 3
13 I'ruqualv. 1e8 - . .
105 Definftiohs, fundamenta
&  “axioms, and theorems PR Y B T | 22 . [ 2
106 Conditional inequalitigs 4 2 4 2 5 2!} .
14 Ratwo, Proporticn, and
Vartation »
107 Ratto * 3 1 ! 6 6 e . 4
108 f  proportion 3 1 6 6 26 . c
109° Yartfation 4 0 ,.0 6 ? 27 . 3
15 Logarithme
110 Definitions o, 2 [ [ 5 10 32 ve
11 Propertias of logarithme™ 2 0 0 ? 8 31 .
112 Approximations 4 a 3 ] 4 2 4 . T
113 Scientific notation 3 0 [ € 8 29 b4 [
114 Common, or Briggs, Logarithams 2 )] )] 6 ] 32 e
115 - Characteristic and mantissa 2 0 0 4 1 33 e
116 Use of tables to obtain the ‘.
* mantfsss 2 L) 0 6 9 32 LA
117 Use of tables to find N when
Tog N i3 given PR S R S 32 .
118 Logarithmic computation 2 "] "] 18 5 28 hAd
19 Lagartthms to bases other
than 10 3 0 4 73 24 . C
120 Exponential and logarithmit
equations 3 [} 1 [} 6 28 b
lZly Jhe graphs of log WX nd of
W 2 M1 2 6 6 28 ..

’
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Fréquency of Respense,
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Frequency of Response, ~ -
. . l::l Top‘:. by Concept Area . . Topic Coverage Item ReJative Emphasts
. A 8 ¢ o E Score Emphasis Differerce
© . . ’ >
16 Progresstions - -
122 Definition of progressions , 5 3 2 4 3 18 .
) 123 Arithmetic progressions 5 3 2 4 3 18 *
* K 124 Last term of an aPithmetic " . N
progression 5 3 2 3 4 19 A -~
125 Sum*of an drithmetic I
progression - 5 3 2 3 4 19 *
126 Simultaneous use of the
. formulas for 1 and s 6 2 2 4 3 18 .
127 Arithmetic means 6 1 4 3 3 18 .
128 Geometric progressions | 4 5 1 " 3 5 3 26 *
- N 129 Last term of a geomgtric . o
progressian - 5 1 3 [ ) 21 » v
130 Sum of a geometric ,
~ progression ! 5 2 2 4 4 20 .
. 13 Simultaneous use of .the . .
“formulas for 1 #&na s 5 3 2 4 ~3 18 * \
132 Geometric means 9 [] 3 3 i 14 . /’
133 Infinite geometric N . \
' progressions 7 1 4 1 4 17 .
4 . 134 Harmonic progressions .9 0 5+ 3 [} 11 "y
.
17 Mathamarioal nduotion -
135 sMethod of mathematical -
4 induction n 2 2 1 1 8 * .
] 8 The Bimcmial Thecrem w , N
A 136 ‘The binomial formula 3 3 4 3 19 . -
137 The rth term of the
binomial formula 6 _3 4 2 L2 .18 .
138 Proof of the binomial
formula . 10 2 2 1 2 9 .
139 | Binomial theorem for
fractiona! and negative
exponents 8 2 4 1 2 12
1§ Permutat.ons and Zombirai¥ons
140 Deftnitions o 12 Q 2 4] 7
141 Tne fundamental principle 0 ‘3 2 [} 7 .
142 Permutatiohs of n.different
eYements taken r at a time 12 0 3 2 3 7,
143 Permutations of n elements
. not all different 12 1 2 2 0 ?
144 Cyclic permutations 14 2 1 Q Q 2
145 Combinations 12 1 2 1 ! 4 7
146 The sum of certain o
combinations 12 1 2 j iy .
Z: Prepabiosty
* 147 Mathematical probability 10 1 4 Q 2 tQ ’
148 Empirical probabtifty 10 1 4 0/ 2 10
148 Mathematical expectation, 11 1 3 0 2 , 8
150 Mutually exclusive events 11 1 3 Q 2 9
151 . Independent events 11 1 3 9 2 . 9 N .
152 Dependent events In 1 3 o 2 39 1
¢ 153 Repeated trials of an event M i 3 'N 2 s
z cetérmirgrts :f Irder ¥
154 Inversions 10 1 kd 1 2 11
155 nece:jh.nu of order n 7 3 4 1 2 131 8
156 Mino of a determinant 7 ¥ 2 3 2 14 .
P 157 Properties of determinants + 7 4 3 1 2 ve
f 158 Simplification of a .
determinants 4 1 2 2 12 hd
159 Systems of linear eguations 7 4 2 2 2 13
160 Matrices 10 1 2 1 3. 12
’ 22  Fart.g. fraz cmg
161 Definftions and theorems 13 Q 2 ] 1 [
. 162 Distinct linear factors 13 0 2 1 i 6
163 Repeated linear factors 13 Q 2 1 ] &
164 Distinct quadratic factors 13 0 2 1 1 6
. * 165 Repeated quadratic factors 13 Q” 2 1 1 6
’ , 2 The Tr'.gc::r»s:r.:‘ Furct.cre ‘.
66 Directed segments 4 Q Q 7. 6 1 .
L] 7} The distance formula 4 b 0 7 6 1 .
168 Trigonometric angles 3 0 3 H g 4 N
16 Standard positfon of an .
. s angle - vt 0o 9 5 m 35 o 4
170 Definitions of the
. trigonometric functions 0 0 0 H 12 37 .
17% Given one function, find the -
other functions - 1 Q 0 5 11 35, A
i4 Tr.gcmemetris Functiire of R
+ / ’ Ar Arute Argie B v
72 . Trigongmetric functipns of 1 0 0 4 12 35 2 3
“an acute angle * . / ’.
CoFunctions 1 0 - 6 9 33 .
. Yariation of the furctions
of an acute angle i g .0 5 n 35 S e
175 The tr!ganoletr'c functions
of 300, 450, 6Q0 1 Q o] 3 13 36 b N
176 Tables of trigonometric . . ¢
functions 1 0 Q 4 12 35 &
177 Interpolation . ! Q 1 5 10 34 .
178 Approximations and
* significant figures * 2 Q 2 5 8 3% o .
179 The solutiorn of right
trtangies ! Q Q & T2 35 "'
180 Angles of eievation and ,
. depression 1 Q 1 5 10 34 ..
.
Py .
- A -
.
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Frequency of Response,
o Item Toptc, by Concept Area Topic Coverage Item Relative Emphasis
No ) A \B ¢ 0 £ Score Emphasis Dthrsnct
25 Trigonomatric Identities
181 The fundamental relations 1 0 Y 6 10 35 b
182 s Algebraic Operations 1 0 ¢ 10 [ - %2 b -
183 Identities and conditional
i . equations 2 0 1 8 6 29 \ad T
* . 184 Trigonometric fdentities 1 0 4] 1" 5 31 b
' 26 Related Angles -
185 Related angles 1 0 1 7 8 32 A
186 Reduction to fuactions of *
an acute angle 1 0 1 H 10 34 hid .
. 187 Trigonometric functions
, of negative angles 1 0 R 6 10 34 hid
47 Radian Heatare -
188 The Radian 0 0 0 4 13 38 A
189 Radians and degrees 0 0 0 4 13 \_3”8 \ad .
C190 Length of & circular arc 0 ] 0 6 1 13 v
)31 Trigonometric functions of
numbers 1 0 3 H 8 33 i
192 Linear and angular velocity 1 0 3 5 .8 33 \ad
I3 Irzzhe of tne Trigonimeirmic
Functizre
193 Periodic functions ¢ o} 1 7 9 35 ki -
194 Yariations of the sine and .
$  cosine - 6 0 5 N 36 .
195 varfation of the tangent ¢ 9 3 7 ? 32 i ™~
196 ., Graphs of the trigonowmetric
functions . I I 8 8 34 . .
‘ L3 Funot__ra :f Mo Arg.es
197 functions of the sum of LY
L two ahgles , 1 4] 1 9 [ 31 A
4 7 19 Sin (A '+ B) and Cos {A + B) 1 3 1 g 7 32 .
199 Tan (A + 8 v 1 ] 3 9 [ 29 134
200" Sin {A - 8], Cos (A - B}, and
Tan (A - B} 1 ¢ 3 6 7 3 L
’ 201 Reduction of & Sin 8 + & Cos ’
8 to K Sin (8+H) 3 1 4 7 2 22 .
202 fouble-angle formulas 1 [} 5 6 5 2 8 A
203 Half-angle formulas 1 [ 5 8 3 27 —_ N
204 Product to sum formulas, sum
to aro)duct forgulas g =1 3 5 2 i 8 * ‘
22 Trigomometriz Jouatizna 7
. 208 Trigonometric Pquations 0 0 0 9 8 32 A
206 Solving & trigqnogetric
equation . 1 Y 0 8 8 33 A
2 Jragh.zal Methcds
207 The Graph of y = & Sin bx 1 ¢ 2 3 5 10 LAY
208 The Graph of y « a Sin (bx ¢ ¢} 1 0 2 9 H 32 i
209 The Graph of y = SinP ,8 3 7 2 3 A
216 Sketching curves by
= composition 4 1 4 5 3 2 ’
21 The graph of y « 4 Sin x ¢+ b
Cos 5 0 3 7 2 21 M
12 Batior of rrignz.ee
212 Solutfon of right triangles 2 a ¢ 5 16 32 e
213 Yectors , ] e 1 7 8 32 v
214 The Jaw of stnes ¢ q Q H 12 36 hid
215 Applications SAA N 2 1} 1 6 8 3¢ hid
X 216 The ambiguous case $SA 4 Q 2 3 8 26 \d
217 The Law ©f Cosines Q 0 2 312 36 \ad
218 Applications SAS and 3338 2 Q 1 6 8 3 (A
219 The Ares of a triangle 3 1 19 3 3s hid
2 Inverds Trigonometpric Functizng
. 220 Inverse trigondmetric &
functions A 2 0 i 1 7 30 v,
22 Principal values of the N
inverse trigonometric
functions 2 0 3 5 ? 28 A
222 Operations tnvolving fnverse ’
trigonometric functions 3 0 3 6 5 26 v
223 Inverse functions 2 1 3 6 s 26 , )
34 Specral Topiocs ¢
‘ 224 The circular functions 7 1 3 { 2 16 ’
> 225 Xtrcular and exponential
functions 7 1 4 .
226 Solving oblique triangles * ‘3 2 s .
SAS and S$S$ 4 1 2 H 5 24 v -
227 The law of tangents - 8 1 2 2 4 16 L
228 Applications of the law of .
tangents SAS 9 1 2 3 2 13
229 The half-angle formulas 5 0 4 4 4 % .
230 Aspiications of the half = -,
angle formulas: SSS 9 1 2 4 1 12
231 The mil as a unit of .
dngular medsure 10 1 3 1 0 6
'R
< .
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Frequency of Response,

Item Toptc., by Concept Area Topic Coverage Item Relative . Emphasis
No - A » ¢ 0 £ Score , Bhphasis Difference
35 Coordinates and Linas -
232 Number system 3 [] 1 7 [ 28 .
233 Rectangular coordinates 1 0 0 6§ 1Q ¥4 b4
234 Otstance between two points 2 0 0 5 10 28 L"
235 Point on the line joining - ,
two pofnts 3 0 ] 7 & 29 v
236 Area of a triangle 3 0 2 5 o7 28 A
237 inclination aqd slope 1 0 0 LI 4 35, . o .
238 Parallel and perpendicular -
lines 2 ] 0 5 10 32 b
239 Angle between twa lines 4 1 3 1 8 25 .
240 The locus of a point 4 0 ] 5 7 29 b
241 Equation of a strajght line 2 o] o] 4 H 33 Al i
242 Standard equation of lines & 0 .0 4 10 3 LA
243 ‘Intersection of lines 27 o 0 5 10 32 .
244 Distance from a Tine to
point 4 ] 2 7 4 24 M
24 Family of lines 4 2 2 5 4 2 .
24 Line through the i1nter-
section of twe lines 3 1 H § 5 25 .
32  sapsablés, Farctiong, ard
limlts <
247 Rate of change 2 3 90 8 7 kI v
248 The concept of area 1 o 5 11 5 I v,
245 Constants and variables ) jod 1 g 7 32 ..
250 functicons 1 3 ! g 7 32 v
2 Limtt of a function i bed b iRl 5 3 ..
25 tontinyity 2 e 2 N 2 2 % .
253 Infintey 2 J 2 1A 2 26 M
254 Limit of 3 seguence 2 3 Yo 6 3 24 .
It Liflemer: zrd
Ape. 2z s
258 Increments 1 9 i 6 1y 28 .
256 Jerivative 1 S S 5 L 23 b4
287 Dertvatives of sowers of x 1 < < 3 13 36 v
258 Slop of a curve ' S 2 5 11 15 ..
259 Yelocity and acceleration H % 9 3 ) 34 .
26¢ - Maxima and Mintma 1 5 < 5 1 15 .
261 Critical potnts 1 ! * 5 E’ 32 ..
262 Higher derfvatives 1 1 . § 8 30 v M
263 Points of tnflectton,
concavity ’ 1 G “5 3§ 32 .. N
264 Applrcations of Maxima }
and ®inimg ! < g s T 35 b4 -~
265 Cifferentiais 3 2 8 4 26 ‘ .
266 Approximations and B
errors . 3 H 4 3 3 23 L |
I8 Trcegrat .r S Ai.gecravc Fopes
267 Antigifferentiation 3 1 6 3 33 L
268 Integration o¢ powers A 3 0 4 12 1% ..
269 Tonstant of integration 3 Z : 7 3 34 ..
273 Gifferential of area ! 3 5 8 s 33 ..
271 Area as an integral v < 7 9 34 - ..
212 CalcJylation of areas 9 3 £ 3 32 b4
27 . Area as a timit 2 0 1 8 £ 29 .. <
274 Definte tntegrals ' s LI 2 313 oo
275 Fundamental theorer 3 b [ £ 2 22 ’ .
27% Plane areas in rectang.'ar o v
* ccardinates 2 g 1 ? 7 39 ..
277 Yolumes of solids of
revelition k| 3 3 5 € 2 € .
v§ Arr.toaro_ra L Trtezrai.ce
278 Moment 5f mass, centrotds € 3 2’ 3 23 .
279 Centroid of 2 piane area 57 % 4 5 3 H .
280 lentroid of 2 s0iid of Co
revolution 7 < 5 3 2 Vo6 r
283 Moment of 1nertia 4 7 4 5 3 21 . .
282 Radrus of gyratign g Z 4 5 k) 2 .
283 Momert of tnertia of ar area [3 J 4 4 3 1y L .
284 « Moment of tnertta of a so¥id
cf revolutiton 7 7 3 < 2 ) .
285 Flu1d pressure H 2 b 2 g .
286 Work 3 = M 7 3 25 .
A K 1
F2 D flerertizticr o kigesrs.: s
Fywnrer ra r ‘
287 Formulas for differertiation 1 S M £ 'S 22 .
288 U¢fferent ation of impligit e
functiong . 2 l * 7 7 24 .
17 Fzuzc o rs 2 cn. Jes.ru
® lesres ‘ .
289 The graph of an equatisn ? 1 S hi 7 29 .o
2990 Equations of the second
“ qegree 2 -, 0 ? 7 29
291 “he circle 3 3 0 8 z9
292 fircle determined by three - .
conditions 3 G ki 7 [} 2 4 .
293, Radical axis - 6 1 g ] 1 [N
234 “he parabola ’ k) g ¢] 8 £ 25 -
295 Angther tenstruction gf a
parabola - S 2 7 2 1 vo?
236 General equations of a
. parabola H 2 i £ Z 6 .
297 Parabolal determined by three .
conditions . 4 H 4 [ ? 15 .
298 The ellipse 3 9 1 5 ’ 26 . N
239 Another construction of ar
ellipse g 3 5 2 H '} .
.
* 1y
- .




14
-
Frequ‘ncy of Response, .
Item Topic. by Concept Ares Topic Coverage Item Relattive
Xo A B c ) £ Score Emphasts
300 General eggations of an
ellipse 2 1 6 7 25 M
0 Ellipses determined by four
conditions P 2 4 6 1 i3 o
302 The hyperbola 2 1 0 6 8 30 .
303 Asymptotes H 1 3 4 7 2 8 .
304 General egquations of a
nyperbola 1 ] & .7 23 .
305 Hyperbolas determined by four
conditions 5 2 4 5 1 17 ¢
306 Transiation 0f axey 7 0 2 4 4 T8 .
307 Rotation of axes 3 1 £ 1 1 LI
308 Line tangent to a conric 16 1 2 1 3 12
309 Poles and polars 8 6 g 1 i
319 Tangents to a conic 7 2 2 4 2 TS ¢
$0 I f7ererz atiir of
Seargrerierci. Turor oLra
3 Transcendenta! functiong 2 o 2 g 4 2 8 L]
32 Properties of trigonometric
functions 2 ‘3 [ H 4 2% .
3 ,imtof sim 23/G 300 B 3 T 24 .
3.4 cerivatives 9f trigonometr:t:
“unctians [ 23 &
s Progert.es of tnverse
trigonrometrrc functicns < * 3 4 4 2 8 .
316 Cerivatives of 'ryerse ’
trizonometric fomctegns 3 z 3 B 4 2 ¢ .
37 Izgcnent ' ang 'ojar'trm’c
functions F 2 ¢ .
L3R Jer vatives of logar thmic -
funct ors 3 ' : ¢ - 2 € A
2ts Terivptaves of exporertta
fuinttigns K ' 2 4 - Z ¢ .
izt LemEary and a 2 ' ) 4 £ z £ .
3 [}
T - Paltn
“ve,
3 Parametrec ! z H 3 :
322 lertvyatives z 7 ? 3
323 S fferertta . 4 4 - .
324 Turvaj.re ? N 3 9
32% lrrite 2fF Turvature A 7 £
326 Temper 9F curvatgre 12 2 hd : 6
327 Evolltes H 3 ' z H
328 ¥ewlsr 5 melrgd "3 z z [
i Clomyrtlzto e o our Feapect
- v > -
2% Tore-rales ki s 5 3 £ a3 ..
3132 Lervyr rear mgl or - . M H 4= 3 .
3 Tangentia® and noEs. - .
components of acce’eraiice H c M : 2% .
332 hngutar ve'sotty ars
aice.eralis £ Z + £ ) z 2 .
. 7 zm I..rz.r3ler
332 s ar zogri‘nates El s . 3 4 4 z .
334 LCCus 5°F 2 pCiar ecust o i 1 N 3 2 2
13¢ srtersection of Doiar o rves S ) oL 2 2
338 Ar3ie betweer the rallus ve:‘or
. ard tangent P N 2 2 ¢ £
137 - S ¢ferertia' of arc 12 4 7 ¥ B
ﬂ Turvature "2 5 : ‘ . ¢
3 Paz<cal ard transverse :
components 5f yeTscity ’
arg nvuon 12 5 2 z £
P 1 e F orrs
347 Lcmrt ’ i 3 H o
34 kclie s thecree 3 Z 4 T 7 r
342 Lew cf the mear * z 3 ) 2 -
343 Laathy 35 thegrer T b} K 5 i
K1y} *reatrert 3¢ ‘ndeterzt-ate . ’ .
. fpemg “G 3 H B
$" PR R R
4% Grapghs 9f curves 0
rectangular coordirates 2 . 1 3 4 2 7 .
34€ Stitgque asyEptoOles °
detegmires by ‘nspection 7 ! ‘ [ ' 'S .
347 Asympiotes tc an dlgesra‘: '
Curve & ’ 3 £ [ .
348 Strgular 3ovnts of algebraic
carves . M 3 < 2 7 .
343 Sumsary o6f rurve tracirg g 1 1 £ N . E .
<~ mlegrit v “
3835 Formylas of ‘ntegrat'sr 2 g 3 7 - 2’ LN
15 irtegration of powers \ H H b £ 3 2 € .
352 integration'o’ exponentta’ ' )
functions 4 : 3 £ £ 3 .o
353 integration of Trigonometr s
functiong N N ¥ 7 31 .o
354 “rartforsaticns ¢f ‘rig-.
snometric ‘ntegra’s 4 H N £ 3 23 .
355 Integrals giving inverse
trigonrumetric funzticns g A 3 4 4 . ] .
356 kdstrional formulas of
‘rtegraticn & 1 H 4 4 5 .
387 iEprsper integra s £ 2 3 < N 1 .
358 integrption by parts [ - 4 L4 3 Ty ¢
399 Argebrafec substitutions £ r 2 H 3 [} .




Frequency uf Response.
Item doptc. by Concept Area Toptc Coverage lten Relative Emphasts
No ¢ 5 Store Emphasts Difference

lou Trigonometric substitutions
361 Integration of rational
fractions
362 Miscellanmous substitutions
363 Use of tntegraticn tat s
kIY ) Approximate integrateon
365 Trapezotdal rute
366 Simpsor 5 mgle
367 Area tn polar coordinates
368 iLengtn of a clane Curve
Centroid and moment of
trertya of arc
Area of a syrface of
revciution
iolumes 5¢ scligs wrte I
known cross sectiops
Average val,e
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Frequency of Relource,
Item Topic, by Concept Area Topic Loverage Item Relative Emphasts
Ko . N 8 ¢ ) £ Score Emphasis Difference
i3
e ltiple Irtagrals - N
425 Doudle fntegrals 13 0 1 H 1 7
426 ltersted integrats 1 g 1 1 Y 5 .
427 ltersted integrals in *
rectangular coordinates h, 0 i H 1 H
428 Plane areas by doubdle
integration 13 ¢ 1 4 1 ? B
429 ,Centroid and moment of
fnertia of a plane ares 14 2 i i 1 5 -
430 Iterated integrals in N
polar coordingtes 13 e} 3 9 * [3
43 Plane areas in polar
coordinates 14 1 1 ¢ i 4
432 Yoluses by double
integratios 4 4 oo ' H
433 Yolumes tn cyTVadrical .
coordinates i) i ' S : 4
434 Areas of curved surfaces 4 < i K N $
435 Trigle tntegrals 13 1 H S § ‘
436 lteratpd integrals T4 N 1 3 - 3
437 terated triple integrals 4
in rectargular coordinates 4 3 H ' : 5 Py
438 Vslymes by triple : .
integration "3 3 3 3 i A ‘
439 Center of gravity and moment . “
of frertia of a soi*s 15 bt : 4
(Y3 Triple 1ntegrals ‘n '
cyltndrical cocrdinates g v M < 3
LY Triple tategrals ‘n sgnertca’
cooréinates te M M ’ 3
L8 J.fferaniia. Eiuat.cvs
44z SoTutisas 3¢ gifferentty’
ez sations ] 3 < 3 3 ] .
4z Sifferentfal egLaticas of
first order and first Zegree £ 3 3 i RS .
e fxact differentia’ eguatiors 2 H k] 3 . e *
s Linelr eguations of the first -
. order 7 4 4 4 4 H . N
445 fsuatfonrs reductible to linear . .
equatiors N Z . 3 4 -
wr Second order sguationsfre.
duclble to first crder " 3 3 ! 3
[YY] Applications of firgt order .
differential equations 5 2 : . : 2 .
449 vinear differential eguaticres .
of orger n AR N 2 : 2 3 ~
452 fomcgeneous equations wiih -
constant coefficierts 12 ] 1 2 z £
451 RonhoBGGeneOys eguations
wilh comstart coefficients 12 Z % 2 2 g
452 Applicattons of linear . -
differential ezvations 1 H : 2 2
3¢ recicv Amz.geis ’
453 Additiom of Yectors 3 Z H H 3 18 .
454 Scatar myltiplication of . R
Yectors ? 2 3 4 18 .
455 Yector myltipltcation of
Yectors B $ 1 2 H 3 4 * - ‘
456 Scalar trigle product T4 9 i i N )
457 Yector triple product 4 ‘ ot 1 g
458 Jerivative of a vector 14 1 b 2 b 4
459 The gradtert 14 1 3 2 3 4
460 The divergence » T4 1 b H 3 4
e The turl of rotation T 1 3 2 3 4
462 Sysmary of vector N
differentistion 13 N i 2 4 ]
463 Line tategrals H N ] i 1 §
464 Surface tnategrals T4 ] 2 ' ] . 4
465 Jivergence trenres 14 1 i 1 ¢ - 4 ™
466 Stokes s theores 14 1 t 1 g 4
* *
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TABLE 16.--Relative Emphasis on 56 Concept Areas in Mathematics, Reported
by 17 Institutions Offering Associate Degree Engineering )
Technology Curricula .

-
Areas Receiving Areas Receiving Areas Receiving
Little or No Moderate Substantial
Emphasis Emphasis Emphasis
Mathematical Induction | The number Sys tems The Fundamental Operations
The Binomial Theorem of Algebra Special Products and
Permutations and Functions and Graphs Factoring
Combinations Complex Numbers Fractions
S |Probabi#lity Higher Degree Equations| Exponents and Radicals
o (Determinants of Inequalities Linear and Fractional
> | Orden N Ratio, Proportion, and | Equations
= |Partiat Fractions Yariation Quadratic Equations
)| Progressions . Systems of Equations
; Elementary Determinants
J with Applications
Logarithms
"
Special Topics in The .Tri.gonometric
Trigonometry Functions
"Trigonometric Functions
of.an acute angle
> Trigonometric Identities
s Related Angles
= Radian Measure
o ‘ Graphs-of the Trigonome-
S tric Functions
A Functions of Two Angles
< * - Trigonometric Equations
N . Graphical Methods
. Solution of Triangles
Inverse Trigonometric
- Funcfions
Parametric Equations, Application of Coordinates and Lines
Curvature, and Roots Integration Variables, Functions,
Polar Coordinates, Differentiation of and Limits
Indeterminate Forms Algebraic Functions Differentiation and
v |Infinite Series Equations of the Application
— |Expansion of Functions | Second Degree Integration of Algebraic
S |Hyperbolic Functions Differentiation of _Forms «
= {Solid Analytic Transcendental .
o | Geometry Functions
Partial Differen- Differentiation with .
tiatiom Respect to Time
Multiple Lnf%gra]s Curve Tracing
Differential Equations Integration
Vector Analysis ”

-J
i

-
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institutions can measure their relativ§ effort in tbese courses. It

must h. emphasized, however, that Tabl# 16 reflects current practice,
‘not necessarily an ideal. Institutions establishing or revising
courses should consider carefully their planned overall curriculum
objectives, and institutions using thes®& data‘’for comparison pur-
poses_shohld be aware that many observers would deem modal current

practice inadequate fdr contempcrary needs.

N

CHEMISTRY

. Some associate degree engineering technology curricula contain,
as part of their physical science requirements, an introductory
course in chemistry. An e?fort was made to identify the general
characteristics of such courses by studying a limited sample.
Courses which appeared in curricula entitled "chemical techrology,"
"chemical engineering technolcgy," '"chemical laboratory techrology,"
or the like were excluded frcm the sample; only courses which could
te identified as intended for "non-maiors" were considered. The
results of the study are presantec in the following baragraphé,

. . N
Nature of the Sample : - .

-

The‘chemistry courses at only ten institutions are i1ncluded in
the analysis which follow. wrile others existed withf% the sanfple
chcsen, responses to the guestiornaire were ihconpfflete or'late and
had to be rejected. The ;en institutions had a national distribution
geographically. They consisted of nearly.equal numbers of technical
colleges (monotechnicdl institutes, polytechnical institutes as else-
where defined) and comprehensive community colleges. qual numbers
of*the courses appeared in curricula accredited by the Engineers'
Council for Professional Development and in curricula not so accred-
ited.

General Observations P

Most often, the chémistry course considered here was‘er which
carried 4 or 5 semester hours credit and included a laborato}y.
Only one of the ten examined was without laborateory; only three
carried less than 4 semester credits, and two of these werge at
institutions on the 'quarter" system and had either 4 or 5 quarter
credits (approximately equivalent to 2 and 3 semester credits,
respectively). The course title varied greatly: "Chemistry,"
"Intrgqductory Chemistry," "Technical Chemistry," and "Fundamentals
of ghemfstry" were among those used. In two cases, the catalég

descriptions implied that students were excused from the course if

»

>




" ERIC

-69- .

they had successfully completed high school chemistry with a grade
of "C or better"; such students subgtituted an elective for this

course.
)

Man@ associate degree engineering technology curricula at the

institutiobs visited did not include the chemistry course even

"though it was required in other curricula at the same school.

Faculty members and program administrators, questionned on this
point, responded that there was "no room" in the curriculum or that
"other subjects have a higher priority." Questioned on the desir-
ability of a chemistry course as 8 part of an engineering technology

curriculum, these same faculty members gave responses.which varied

from "...not'necessary..." to "...shQuld be required for everybody";
student reactions to the same question ranged from "...I don®t ynder-
stand the need for it..." to "...I think I should have more."

The chemistry course most often was one open to students in
several different programs at the college, for example, students in
nursing, forestry, home economics, uental hygiene,. and engineering
technology were simultaneously enrolled in the chemistry class at
one institution. In some cases, this chemistry course could be
used .to satisfy an institutf@nal requirement for a laboratory science
in the general curpiculum. In a few instances, however, institutional
practice was gbhsestrict enrollment in the course to engineering

technology students only. .

Topic Coverage

The -questionnaire related to topic coverage in chemistry (App-
endix C) contained 85 items. Table 17 gives a summary of the re-
sponses. It is interesting that only 1&°of the 85 topics showed a
difference in practice by technical colleges and comprehensive
community colleges. .A possible explanation exists for why Items
61-63, 65-68, and 72--topics which are strongly physics-related--
appear to be emphasized to a greater extent in comprehensive
co ity colleges than in technical colleges. Quite often, enroll-
me:fug\ the chemistry course in community’csﬂreges is "open," that

is, the pourse serves individuals in many disciplines. Since some

-of these students may not subseauently study” physics, it may be im-

portant, therefore, that these particular physics-related topics be
éiven emphasis In technical colleges, on the other hand, enroll-
ment is more often restricted and nearly all students will subsequen-

tly study physits; hence, it may em less important to emphasize
these special topics in the chemIiS)x course.

>
— »
¢
—
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TABLE 17.--Coverege Given to Selected Topics in the Chemistry Course Intended for Students in
Associate Degree Engineering Technology Programs

Fregquency of Response,

Item Topic Topic Coverage Item Relative Emphasis
No - . A B ¢ 0 € Score Emphasis Difference
1 Classification of matter 0 0 3 5 2 .- 29 b
2 Weight relations, conservation '

laws 0 1 1 3 5 32 b
3 Physical & Chemical Changes 0 1 1 3 5 32 b
4 Chemical notation 0 1 1 i ‘ 34 b
5 Atomic .and Formula Weight 0 1 1 1 7 34 b
6 Chemical eguations and
Stoichiometry ) 1 1 1 7 34 e
7 Kinds of Elements 0 3 4 3 30 b
8 OQescriptive Study of certain .
representative elements o] 0 4 6 0 2 6 * B
9 Binary Compounds 0 H 3 2 3 26 .

10 ® Ternary Compounds ~ 0 3 2 3 2 24 h
n Fundamental Particles 0 2 2 3 2 27 . T
12 Nuclear Reactions 0 6 2° 2 0 16 . N
13 Natural Radioactivity o] 4 4 2 0 18 * .
14 Artificial Radioactivity 2 3 3 2 0 1.5 . -
15 Fission and Fusion 1 3 5 1 o 16 .

16 Periodic Law 0 1 2 1 6 32 .

17 Atowic Structure 0 0 2 1 7 38 b
18 Stable Electron Config- .

urations o 2 1 1 6 32 ..

19 Aklali Metals o} 2 2 6, 0 2 4 *

20 Metals of Groups IIA .

and I11A 0 2 3 5 o} 23 .
21 Elements of Groups VIA and - - o

‘ VIIA R 1 1 3 5 0 2 2 hd

22 Transition Elements 1 1 5 2 1 21 -
23 Elements of Groups IVA and

YA 0 1 5 4 0 23 *
24 *lonic 8ond 0. 2 0 ,e 5 31 e
25 Simple and Complex lons 1 ) 1 34 28 e
26 Electrolysis o} 1 2 1 7 32 e
27 Covalent Bond o} 1 1 3 5 32 i
28 Structure of the Hydrogen -

Molecule . o} i 2 4 3 29 b
29 Cther Ofatomic Molecules 0 o} 3 5 2 29 ..
30 | Covalent Bonds between

Dissimilar Atoms 0 2 1 4 3 z 8 b
31 ProPerties of Covalent .

Compounds 0 2 1 3 4 28 e
32 Solvent-SoTdte Phenomena o1 0 1 se 32 .
33, Motality 1 2 1 1 5 4 -
34 Freezing Point Depression

. and Bo{ling Point Elevation

Calculations 1 2 0 ! 6 29 .
35 partially lontc Bonds o} 2 3 1 4 27 *

36 Partially Covalent Bonds 0 2 3 1 4 27 .

37 Electronegativity 0 2 2 2 4 2 8 i
18 Structure of Partially .

. lonic-Pyrtially Covalent

» Compounds 1 3 1 2 3 24 .

39 Dipotar Molecules 1 1 2 2 4 27 - 4

40 Iontzation of Polar h

Molecules 0 3 1 2 [ 27 *
4 Hydrogen Bonding 1 2 2 2 3 } 24 *
42 Redox Reactions of the o
Eree Elements 0 ] 1 2 3 2.4 d )
4 Redox Reactions o Yo . *
Compounds 0 4 0 3 3 25 .
. , -

44+ ' oxtdation Numbers 2 ! 0 17 6 28 -

45 Balancing Redox Equations 2 1 1 3 3 2 4 .

46 Activity Swries 1 3 0 2 4 25 X
47 Redox Equtilibria 3 3 0 1 3 18 .

. . -
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Frequency of Response,

Iten - Topic Topic Coverage ltem Relative Emphasis
No. N 8 c D £ Score Emphasis Difference
L
48 Arrhentus Concept of Acids . ¢
and Bases 3 0 1 4 2 22
49 Bronsted-Lowry Concept of .
<7 Actds and Bases i 4 0 3 2 s, 21
« 50 L;:;:sCoanp! of Acids and . } 2 0 . ) - s ? .
51 Strengths of Acids and i o, v
Rases 1 3 0 1 5 26
52 Hydrolysis of Salts o &« 2 2 2 22 * ¢
53 Titration 2 133 2.4 * ¢
54 Normal and Molar Concent- . ‘
ratfon . 1 2 1 2 4 26
) 55 Indicators R L *
56 Acidic, Basic, and N ,'
. Amphoteric Oxides 1 1 3 3 2 2 4
57 Ac1d-Base Bquilibria 2 3 0 4 23 *
s8'  oH Calculations 2 2 1 2 3 22 * ¢
- 59 Ligurds - “ases - Solutions 0 [4 l 3 3 27 * ¢
. * 60 van der Waals, lonic " c
» Covalent, and Metallsc 2 2 1 2 3 22
Solrds -
61 Boyle's Law Calculations SR T T R T 28 " ¢
62 Charles' Law Calculations i 1 1 3 4 2 8 e C
£3 Ideal Gas Law Calculations ] 1 1 4 3 27 . C
64 Forms of Energy © o 2 0 4 3 26 *
65 Specific Heat 3 1 ] 2 3 21 . [
66 Heat of Fusion 3 a 9 4 3 24 * ¢
67 Heat of Vaporization 2 1 o} [ 37 2 ! * ¢
* 68 Kinetic-Molecular Theory ] 3 0 4 3 2 7 . C
69 Bond Energies 2 1 2 2 3 23 *
70 eat of Reaction ' 2 | 2 2 3 2 3° . ¢
n .Activation energy 2 1 3 2 2 21 * '
¥ T2 Free Energy s iz 1 2 2 e . c
73 Enthalghy and Entrophy 2 ] 0 2 2 18 *
. 74 Hydrocarbons 4 2 2 2 0 12 .
78 _- Aliphatic Hydrocarbons 5 1 3 1 0 10 ’
76{' Aromatic Hydrocarbons 4 3 3 0 0 9 . °
71 .Reactions of Hydrocarbons 4 2 4 0 0 10
78 Functionally Substituted ’
Hydrocarbons 6 0 4’ 0 0 8
79 Reactions of Substituted . .
Hydrocarbons 6 2 2 0 0
. " 80 fonic Organic Mechanisms” 7 2 ] 0 0 “4
8] Froe Radical Organic -
Mechanisms 8 1 1 0 0 3
82 Sugars and Polysaccharides 6 2 2 ] 0 » 6
83 Fats 6 2 2 9" 0 6
8 Amino Acids and Protetns 6 2 oo o 6
11 Vitamins and Alkaloids 7 1 o0 4 .
e~
¢
. \
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Comments
It is sometimes dangerous to assume that "general practice" or
"modal behavior" provijes a suitable criterion by which to evaluate
existing educational prlograms or can serye as a model after which
new programs may best be pagterned. On the other hand, soma-useful
purposes can perhaps be served by examining critically these general -
comments about the chemistry course for non-majors which may appear -
‘in an, associate degree tpglneerlng technology curriculum:
1. It normally carries 4 or 5 semester credits.
2. It includes a laboratory. .
3. It can serve disciplines other than enéineering technology.
4. It need not be based on previous higﬂ school study /of .
chemistry. .
] * i . _
5. Topics related to organic chemistry (see Items 74-85,
Table 17) are considered of much lesser importance than
topics related to inorganic chemistry. .o , .
6. Topics related to terminology and nomenclature (Topics k

" against which they may assess their own performance.

1-10), to concepts of atomic structure and periodicity
(Topics 16-18), and to chemical bonding (Topics 24-37)
appear to be considered of primary importance in the
syllabus; topics of a moreqaescriptive and less theoretical

- v

nature appear to be considered relativély less important.

Institutions establishing éﬁémistry courses intended for engi-
neering technology students should consider the abowe  comments as
initial constraints on the course offering--adapting these constraints, ,
however, to fit local needs. Institutions offering tﬁé third and (
fourth year of a bacéalaureate engineering technology program and
accepting transfers from associate degree programs should be aware
of the kind of experience in chemistry which most such transfer
students will have had. And, institutions offering associate degree
engineering technology programs which include a chemistry course -

can use the foreg\wﬂ/Jaescrlptlons as crude and superficial measures

~

PHYSICS .

.
Almost all associate degree engineering technology curricula

contain £ourses in physics. A study to determine the general
characteristics of such courses has been made, the results of which

r
are degeribed in the following sections

-~
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Nature of the Sample . . .

The'ghysics courses at 1% institutions are discussed. The
oriézhaL sampld;contained more ingtitutjons, but ;any responses were
incbmplete or late and, hence, were rejected The institutions con-
tributing usable responses were repregentative of all regions of
the cour®ty and were equally dist®ibuted by type, that is, tech-
'nxcal colleges and comprehen51ve community colleges. The Engineers!'
Council for Professional Development had accredited one or mork engi-
neering techndldgy curricula at 8 of these 1nst1tut10ns, 6 of the

institutiomMs offered curricula not sO accredited. ’

»

General Qbservation's

7 The physics sequence for engineering technology curricula most -

ofteMconsists of two cour'ses, each carrying 4 semester credits;
these courses«@on51st usually of three lecture -periods and a "lab-
oratory Variatlons in this pattern range from a 51ngle course to

a sequence of three S-credit courses. " The course titles were »
usually listed as "Physics" or "Technical Physics". Coﬁﬁonly, a
numerical sequence designator (Physics I, Physicgslf etc.) was
emplcyed The catalog descrlptlons frequently 1mpl;@p that, the
sequence was open only to technlcal students, and sometimes cautioned
that  the sequence was not acceptahle as part ‘of the requirements of
sa "transfer" prqgram. Co- or prerequlsltes of algebra and trigo-
nometry were. of ten lisffed; in none of the Mses studied was calculus

llsted as a-prerequisite.

'

- ‘ k1

Topic Coverage

s .The questionnaire related to topic coveragc in physics (Appendix
D) contained'ZMZ'items in six major concept areas Table 18 giveé
data on the rel&tlve emphasis given to these* topics,” as reported by

the respondents 5 7 . b

. . Ry X
' or "substantial” emphasis, with the exception of tofcs in .

) ) - . /
< 4§~!§; "It can be noted from the thle that most topics received "mod-
= ate

the'coﬁcept'area-bf Modern Physics. Topic coverage practlces appar-
entky did not differ appreclable between techruc* colleg‘es and com-
prehen51ve comm!nify colleges, 51gn1flcant differ nces were detected

- . for only 11 items out of the 2“2 less than § percent. A summary of -

the' mglative em hasis giv to various topgics 1n the six major - con?bpt
P g %9 ‘}

areas of ‘physics appears in Table 19.

[ &,
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TABLE 18 --Coverage Given to se1Tted Topics in the Phvsics Course Sequence Intencec for Students 1in
Associate Degree Engineering Technology Programs

y

i
Frequency of Respense, *‘- - Y 3\!
Topics by Concept Area Topic Coverage Item Relative Emphasis
* » A B ¢ o £ Score Emphasts Difference

l Mechantoa

d Units spd Systems of Measure-

ment

Yector quantities
Representatign Bf Vector
quantittie

Yector addition

Yector swbtraction
Resolu:‘tn of VYectors

Compon method of Vector
additton
onstamt, Instantaneous, and
Average Speed

Speed and velocity

Acceleratipn

Kinematics ations

Falling bodT¥s

Motion in a vertical-plane
Projectile and Rocket flight

Laws of motion' .

First law bf motion

Second law of motion

Third law of motion

Inertid and m

Force and m

Mass and we

Sltding fric¥Pon
Coefficient of friction
Static friction .
Rolling friction
Fluid friction
Equilibrium of a particle

Torque

Centpr of gravity

uniformw circular motion

‘Centripetal acceleratign
Centripetal force

8anked turns

Centrifugal force
Gravitation

Gravitational field
Energy, d{finitlons

Work

Power

Power measurement

Kinetic energy

potential energy
Conservation of enerdy -
Momentum and impulse ‘.
Conservation of momentemg’
Collistons

Angular measurement

Anguld'r velocity

Angular acceleration
Kinematiss of Angular r;
motion

Rotational kinetic energy
Moment of fnertia

Torque and angulan
acceleration

Angular .momentum

Simple Machines

Mechanical advantage
Efficiency

Density

Elasticity

Young’'s modulus

Shear modulus

8ulk modulus

Pressure

Hydraulic press

Pressure and depth
Archimedes' principle |
Flud flow

Bernoullt's equgtion
Elastic potentd energy
Simple harmonic motion

The pendulum

Kinematics of vjbrato)&
sotfon

Wave Moticn, Adoustice
Water waves
Congitudinal and transverse
waves

‘Wave spepd and €energy
Standing waves
Resonance .

Seund

Musical Sounds

Acoustical attenuation
Supersomic waves

Doppler effect *
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Frequency of Response,
Topic, by Concept Areas Topic Coverage Item Relative Emph

.

A 8 ¢ b € Score |, Emphasis Difference -\\'

Heat

Temperature

Weat »

Specific heat capacity

, Change of state

Calorimetry

Mechanical equivalent of
heat

Therms! expansion

Volu-e expansion

Boyle's law

Charles' law

Ideal gas law

Kinetic theory of gases
Kinetic theory of matter
First law of thermodynsmics
Secqnd law of thermo-
dynamics

Carnot engine

Carnot ‘efficiency

Steam engines

Internal combustion engines
Statistical mechanics
Conduction .
Convection

Radtation

The refrigeratpr
Thermodynamics of refrig.
eration N
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4 light, Optrcs
Huygen's principle
Reflection .
Plane mirror
Cencave mirror .
Convex mirror
Image’ formation,
Mirror gquation
Magnification
Spher1cal aberretion \ .
Snell’'s law
Index of refraction A
Apparent depth [
Total interng) reflection
Lenses
image forpation
The lens equation
The eye
The microscope
The telescope
Lens aberrations
Diffraction
The double slip
Color, Spectrd and
Spectrometry
Diffraction grating
Polarization
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€3trictty and Magrnetiam
Esectr1c charge

Coutomb s law

Myltiple charges

The electric field

JElectric field of a point
charge

Electric Tines of force
Potentisl difference
Electric current

Ohm s law

Resigtivity

Resis®ors in combination !}
Electrical power
Electromotive force
Kirchhoff's roles ?
lonization and ve Znati

Pelar motecules r

-ETectrolysis

Electrochemical’ equivalent
and electrodeposition
Chemical sources of electric
energy .

Dry battertes

Storfage batteries

Fuel cellg,

Capacitance

Energy of a charged Capacitor
Electric energy density

Dielegctric constant

Charg¥ng a capacitor

Qersted's expé€rimbnt

Magnetic induction

Magnetic field of & turrent

Magnetic properties of matter

Magnetic intensity

Hysterests

Force on a current -

Force between two currents

Behavioc of charged particles
in & magnetic fleld
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Frequency of Response.

jtem Topic, by_Concent Area Jopiet Coverage Item Relative Emphasis
No ’ L) f 8 ¢ o E v Score Emphass Difference
¥69 Force on & current loop 3 1 ‘ 3 3 21 .
170 Galvancmeter 3 1 3 2 5 - 24 .
J7 Ammeter 3 0 3 3 5 25 -
173 Voltmeter 3 0 2 4 5 2 6 .
173 DC electric motor @ 1 2 43 2 \‘ .
174 Magnetic poles | 3T 2 2 4 3 21 v
178 Faraday's law 4 o} 3 3 4 Ae 2 2 .
176 The betatron E] 5 1 0 0 5
177 Moving wire in a magnetic . )
M field 2 1 2 § 4 [ .
1178 AC-generator 4 3 2 3 4 23 .
79 OC-generator 2 3 3 4 2 4 * v
180 Back emf /\‘%\ 2 3 2 4 21 .
181 Transformer 3 2 2 2 5 23 hd
182 Inductance ¥4 1 1 4 6 2 8 A
183 Solenoid 3 1 4 3 3 2.1 .
184 Growth and decay of current 4 2 6 1 1 15 .
185 . Magnetic potential energy 6 3 3 1 1 16 ) v
186 Magnetic energy densi‘ 6 4 4 0 0 9 '
187 Electrical oscillatio 4 3 < 1 1 1 4 .
188 Effective current and - <
. voltage . 2 2 3 3 2 3 M
189 . Phase relatiqns 2 2 3 # 4 24 .
190 Inductive r:‘:ﬁtn ce 32 2 2 5 23 .
19) ,Capagitive resdctance 3 1 3 2 5 2 4 v
192 Impedance . 3., 2 1 3 g 2 2 v
193 Resonance 3 3 1 2 5 21 .
194 Power in AC-circuits 2 1 3 4 4 . 25 -
195 Maxwell™ hypothesis g 3 1 1 5 ' 6 ‘
196 ‘Electromagretic waves 4 6 1 1 2 1 4 .
197 Jarfeties of electromegnetic

wives [ 4 i 1 2 P2
'38 Electromagneti@ waves in

commynications 7 4 1 2 ] ] ™
139 Ragiation’'pressure AN 2 1 3 5 - 3

¥czerr Fhyewce
208 Frages of reference 1C 1 A 2 < 3
201 Special theory of relativity 8 T« 3 ' 1 10
202 Relativity and mass 7 3 2 4 o} 5 -
203 Mass and energy 3 5 2 3 1 1€ . B
204 Photoelectric effect 5 3 ¢ 3 2 14 . ¢
205 Quantum theory of vig*' 5 3 ¢ 5 ! e 1€ .
206 I-rays 4 4 2 3 i 15 .
207 Matter waves y 1 3 1 o ?
208 Uncertainty principle 7 3 3 c 1 9. . “
209 uusali'.y 13 1 2 7 b 1
218 Jhe Nuclear mdcel o 1he

itom - 5 1 3 5 G 16 .
2t Electron orbits 7 1 1 4 1 14 .
212 Atomic spectrs 8 i 1 2 2 W2
213 Borr atom [] 3 ) i 3 14 b
214 Energy levels and spectra 7 2 1 2 2 13 -
215 Atomic excitation 8 1 1 1 3 13
216 ?ulh!ul theory of tfe atoe 9 9 1 3 1 11
217 lectron spin N\ 8 0 3 2 1 1
218 Periodic law 8 27 3 0 1 o9 "
219 Atomi1c struycture € 2 H o} 1 1
220 _lonic Kdﬂn 6 3 3 1 1 13
221 Covalent binding 8 3 2 3 1 8
222 Polar molecutes 1 1 2 0 1 [ -
223 Structure of solids 3~ 2 2 ] 1 7
17 o] ¥yn der Waal's bonds [ § 2 g 1 §
225 Metallite bond 9 e IR ] 1 €
226 Energy bands = 9 2 2 j i 7
227 impurity sermicqpductors 9 2 3 3 S 6 «
228 Semfconductor dev-ces 9 2 ' 3 3 - €
229 Ferrompgnetise [ ¥ 3 M) 14 .
236 Hlssg Ctropeter v 10 o> 2 2 c 7
231 Nyc? s 9 2 2 ! 3 [
232 Isotopes (Y R 2 14 2.
233 Binding enwrgy . 9 2 3 o 0 B
234 . Nuclear forces . 8 1 4 1 ] - 9
235 Radipactivity -3 3 5 2 ] 16 .
236 Half-1life . 6 2 &2 | 12
237 Nuclear reactions N 7 2 3 1 1, 11 N
238 Nuclear fissjon 7 2 3 1 i 11
239 Nyclear Meactors .8 1 3 2 0 9
240 Nuclear fusion 7 2 3. i 1 11
243 The neutrino 9 3 2 5
242 Antiparticles 8 5 1 H




TABLE 19.--Re]at1v.e Emphasis on Yarious Topics {h Physfcs, Reported

for Existing Courses
Technology Curricula.

b

v

tn Associate Degree Engineering

Topics Roceivir} ,

.‘i Topics Recetving

Topics Receiving

Little or No | Moderate Substantial
;lphnsis : Emphasis Emphasis
A i r
N .
- ! Friction Systems of
. j Clircular Motion Measurement
. Gravitation Yector Quantities
- 't Angular Kinematics Computations with
o [ Yibratory Kinematics Yector Quantities
= X Simple Machines . Linear Kinematics
< | Hydrostatics Newton's Laws
b ! Hydrodynamics Equilibrium of a
5 ! Particle |
i Energy .
: Momentum
! Angular Velocity
! . Simple Harmonic¢
. Motion
' i Elasticity
_ 1
w . H
S iMysical Sounds Longetudinal and
Z, | Acoustics and © Transverse Waves
we—=i Acoustical " Standing wWaves
oS! Attenuation ' Resonance
BRI« Sypersonic Waves . . Sound Phenomena
Meat Engines ' Kinetic Theory of Temperature
Statistical i Gases - Specific Heat
- Mechanfcs | Thermodynamics Change of State
< Refrigeration ® , Carnot Engines Calorimetr
=z - ' " Conduction Thermal Exgansion
! ; Comvection Gas Laws
t . ! Radfation - .
; i
' . | Huygen's Principle Geometric Optics,
Snell's Lawyand Reflection and
“w o , Appl1c1!10’§ Refraction
ot Optical Devices
22 " Diffraction
PRI R -~ . Color Spectra,
! Spectroscopy : ~
| _ Polartzation i ~
i . ‘ .
|E1ectrolys1s Electrostatics Electric Surrént
[Maxwel1's Equationms Kirchoff's Rulesg Onm's Law
ICommunications IBaLVries and Cells Restistor Nez-aqs
z | Circutts j Capacitors and Electromotive
- | Radiation Pressure Capacttance force
= ! o | Magnetic Properties Electroragnetise
oz | of Matter Electromagnetic
:z; : . Electrical Instruments forces
! lElectHcal Machines Inductance
- ! | Alternating Currents
-
lx " IEIectromgnehc wWaves ¢
N T “p—
Rehtﬁny IElementary Quantum
Uncertainty \ Theory
Atomic Spectra ‘Wuclear Model of
Atomic Structure the Atom
- Structure of Soifds {Electron Orbitts
P Semfconductors @ i IYotopes
v Nucleops and ;Rad(oncuvny v
e Nuclear Forces ' .
a Nucléir Reactions | )
z Neutrinos, mesons, -
z other fundamental i )
.2 Particles N | <
x Antiparticles '
—— e
-
-
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.Comments : . s /

. v ;

The tables inthis section have illustrated current practice by
selected ipstitutions in the-coverage given to topics normally found
in a sequerice of introductery ccocllege physics courses. As such${ they
“provide (1) a crude model after which new ‘courses may be fashioned,
and (2) a criterion against which institutions may evaluate their o
individual practices. It fmust ke remembered, however, that modal ’
practice does not necessarily représent an _ideal; therefore, suitable
caution should be exercised in the interprdtationeof the results
shown here.. Many observers, for example, feel that physiés, as a
basic science, has certain enduring attributes not as susceptable tc "’
obselescence as specialized technical studies, Eence, these observers
urge that physics topics be given a greater coverage than is currently
the case. Others, of course, take a somezzat contrary position, main-
Eaining that the needed concepts of physics can hest e included in |
techrfcal courses; these cbservers urge that engineering technclogy
curricula focus more directly or. specialized tgchnclcgy ar.d 1ess on
general background material such as physics. - - - - .

. -
) -

Summary
A study of the mmthematics, chemistry, and physics_courses
offered by selected institutions, has been made. *The results include
descrigtions of these courses as us@ald offered, cata on the relative . 4 L
emdbasfs given to various topics in these courses, and comments on 9
differences in pctice--if any--between technicdal cclleges and com~

prehensive community colleges.

The mesults are pptentially useful totinstitutions inaugurating,
révising, or accepting transfer of courses in engiheering technolecgy “

curricula. ) -
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CHAPTER §

"ACCREDITATION OF ENGINEERING TECHNOLOGY .-
CURRICULA

The purposes of this papezkgre to give a brief overview of the
process of accreditation, to review the histroy of accreditation of
engineering technology curricula, to summarize certain data related
to'accreditation of engineering techneology, :?d to call attention to

gohe current iceuecaw in this area. S {
N

. - Introduction

Accrecditation has been defined as-'"the process whereby'an organ-
%agtion Or agency TECCENIZe: a college or urniversity or a- program of
study as having met certain predetermined qualifications or standards."?
- The Engifeers' -Council for Professienal Bevelopment;- 345 East u7th
Street, New York, N.Y. 10017, is the agency responsible for accrediting
,
programs of study in both éngineering and engineering technology;
LCPD states as its purpose the following: "To promote and advance all
phases of engineering education with a view to the promotion of the . /
¢ public welfare through the development of the better educated engineer,
engineering technician and engineering technologigt."2 'The accreditation
of an engineering technology curriculum thus assures students, potential
students, parents, semployers, government agencie§, educational insti-
tution%, and the geﬁefal public that certain minimum standards of'n
quality are:met by the pragram. ECED gegularly publishe% list of zur-

. . N . 2
ricula whlc!)nave been accredited.”

4

Overview of Accredifation

Accreditation is a phenomenon peculiar to American education and

evQlved primarily because of the Zack in the United States of a central

‘or Federal coptrol over educational institutions, a cingumstance :

quite different from that prevailing in most other countri®e. In this

“
~ »
”»
k4 s

)
lWilliam K. Selden, Aecreditation, 4 Struggle Over Standards
tn Higher .Education (New York: Harper and Brothers, 1960), p.6.
7 *%, 2Ergineers'’ Council for Professional Jeveloprent, Thirty-
.Eightyh Annual Report (New York: The Council, 1870), p.35. . !

For the 1970-71 list, see Ibid, pp.87-90. N ¥

»
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country, education 1is a matter céns%itutionally reser;ed to the states
which comnsequently have authority to charter and‘regulate both public
and private insti?utions..‘However, the several states historically

did not generaily exercise the regulatory powers potentially available
to them, with the ‘result that instltutions differing widely in character
and quality evolved.-'boncern on the part _of educators and others both
about the general quality of institutiogs and abdut the standards of
specific\programs for the preparation of professionals 1eC to the
deveiopment of accreditation practices.l Currently, six regional
associations and approximately thirty professional agencies &are *€ngagec
in accfediting activities.?

The regional associations were establlshed at various times in the

-period from 1885 to 1924, ble 20 1nc1udes the founding dmtes of these

bodies. _The major objective of the various regional associations when
they were first founded was to establish suitable and consistent ccllege
admissions criteria. In the nineteenth ang early twentieth centuries,
graduates of secondary schools who applied for college entrance often
/ariec w1 dely 1n their qualifications, and admissions officers were
‘tén perplexed about ways to place entering students praperly. The
early activities of the reglonal associations resulted in substantial
improverert in the quality of weaker high schools and a stancdardizatidnm
of the cirriculum of all. After a measure of articulation bpetween
seconéary and college programs was thus acHieved, the agsociations
then turred their attention to collegiate institutions since these,

tco, varied considerably in quality and level. The regional assoc- '

“Tatidns iritially operated by setting rather specific standards re-

lating tc sucH aspects of an institution as its charterihg, organization
ard administra}ion, adrission requirements, library facilities, cur-
riculum patterns, and physical facilities, and then evaliuating the
institution by those standards. The associations provided a valuable
service to the public by identifying institutions of quality; they
tended thus to eliminate weaker--or fraudulent--schools. * In recent *
years, the e:puesis of the regional associations in their accrediting,
activities has dqifted away from the application of guantitative
"minimun standardsy ward the use of broader, gualitative criterta

®

. BN
1For a genera story g& accreditation, see Lloyd M. Blaucﬁ{
ed., Acereditatien in Higher Education (Washington: U.S. Gaovernment
Printing Gffice, 1859.) -

i

!
2National Commission on Accrediting, List of Pecognlzed
Accrediting Agenciee (Washington: The Commission, 1970). The’regional
Yssociations serve the New England, Middle States, Southern, Korth

Central, Northwest, and Western regions.

9
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TABLE 20.--Historical Development of the Regional Accrediting
Assocfations

-

Year of Year College .

Association v Founding Accreditation Began

New England 1885 1952

Middle States . 1889 , 1921 :
North Central 1895 . 1910

Southern . 1895 . 1917

Northwest y . 1917 1921

Western 1924 1949

~ . .

.

intencded to stimulate institutional improvement. The six associations
vary somewhat in their prattices, but all use visiting accreditation

teams, require an inggitugional "self-study" and allow for an "appeals”

[

+
procedure irn case of unfavoraBle action. Semi-annually, a list of
a

ccreditecd institutions is published. This publication is issued by

t

he Federation of Regional Accrediting Commissions of Higher Education
(FRACEE), a-body formed in 135% to coordinate the efforts of the

.

regional associations
-———

Since the regicnal associations were among the earliest of the
accrecditating agencies establdished and because they hlstorlcally were
concerned with general tandards of seconcdary and higher education,
they have assumed the éﬁnctidn‘of accrediting total institutions
rather than piﬁficular ograms of studies. The latter purpose is
served by various profes;ional agenciés, ECPD for one. Such.professiaaal
agencies are approved for their activity by the National Commissicn
orn Accreditingi if an identifiable social need exists for accrezitation
of *he'ﬁJrricqlun in gquestion. The professional uod1e51muz§mrt1c1pate
almultaneously w1th a regional asscc1atlon in an accreditation ¥isit,

or they may act independently. Eacb agency publishes a list of

]

approved curricula.

’ o - . . .
Accrediting Activity in Engineering N
s Technology

*

ECPD operates within the framewoWwk of accreditation just described.

“we
It has servedfys the professional agency to accredit engineering programs
~ " 13 .

’ I .
1The National Commission on Accrediting (NCA) was, formed in
1349 by the colleges and universities of the United States in order
to coordinate accrediting activities in higher education, for there .

‘appeared to be in mid-century undue proliferation of' bodies conterned

with accreditation. NCA has exerted.over t past two decades her-
culean efforts to bring order to what was, in 1948, a highly cenfused

81tuatlon. . ! \
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. since 1932, and has maintained accreditation procedures for engi-

e

neering technology curricula since 19uu.

Interest in the accreditation of engineering technology curr“la
hrad developed prior to 19uu, as evidenced by tHis statement in the
ECPD Annual Report of 19u5:

¢

The movement to recognize technical institute programs was
given impetus at a meeting of representatives of a group of
instituytions offering terminal technical curricula of inter-
’ mediate type, heldd?it\tsburgh in 1940. Those present
adopted a resoluti etitioning the Engineers' Council for -
r : ) Professional Development to inaugurate’ the program of accred- -
iting which is now being initiated. The intervening periocd
has been spent in studying accrediting procedures, in formula-
ting explicit principles and methods,, and in obtaining the
approval of the constituent societies which comprise ECPD.
These preliminary steps are now completed, ? the accrediting
program will go into effect the fall of 13u5.
An, accrediting program did indeed "go into effect", for seven cur-
ricula at ghree schaols were listed as accredited the following

year , and.a permanent "Subcommittee on Tech 1cal Institutes" was found.

The origimal Subcommittee on®Technical Institutes has undergone
several changes in structure and organization since its origipal
. appointment. Initially a subcommittee of ECPD'sgommittee on qu;—
) neering Schoois, it later becafme the Subcommittee on Engineerieg
Technology Curricula of the Counlcil's Education and Accreditation
Committee. Subsequent reorganization of the Council resulted, in
October 1964, of the establishment of the Subcommittee as a standing
committee of ECPD and its designation as the Engineering Technology
L Committee; at the same time, the name of the parent compittee was

changed to the ‘nglneerlng Education and Accreditation Commlttee

The Engineering Technology Committee of ECPD normally considers

for accreditation only curricyl& offered in a higher institution

which is aceredited by the approgrlate regional assoc1atlon, but it
) will also accredit curricula where the regional association either
makes no provision for accredltatlop of dpecialized institutions or
demurs from such accreditation because of the organizational structure
of the institution. Curricula only, not institutions, are accredited,
and‘then only at the request of the institution. Both two-year and

four-year curricula are eligible for accreditation. A visitation

v

/ ' . . .

i ) IW P. Hammond, Chalrman, Subcommittee on Technibal Institutes,
: in Engineers’' Council for Professional Development: ~Thirteenth Annual . S
Report (New York: The Council, 1945), p. 1l4. ’
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team--carefully selected.on the basis of curricula to be examined-- -
visits the institution, reviews the curricula, writes a detailed .
report, and-recommends accreditation if the curricula meet established
criteria. Accreditation is granted, however, only if a program has
graduates who. are employed prior to the time of action on the visit-
ation team's report. ECPD alsc has provisions for'recognizing pro-
£grams with "reasonable assurance of accrgditation" (if the programs
are in the planning stage) and programs which are '"candidates for
accreditation" (if the programs are underway but .no classes have
graduated) . .No.lists\of "reasonable assurances” and ﬁcandidates"
are published, but the institution and the U.S. Office of Education

are' notified if such status is_granted. ,

Basis for Accrediting Engineering

) ,Technology Curricula 1Y

.

The Engineering Technology Committee lists a number of basic
quaiifications for accreditation of an engineering technology cur-
riculum:

Juration. Not less than two academic years of full- time

*resident academic work beyond.the secondary school or
the equivalent in part-time resident academic work.

—
s
0\_/

(2): Requirements for Admission. High school graduation or
equivalent, with a background in mathematics and science.

(3)  Curriculum. Technological in nature, employing the ap-
plication of physical sciences and the techniques of
mathematics to the solution of technical problems and
Comprising a prescribed and integrated sequence of re-
‘lated courses in a specific field, though not excluding

a reasonable amount of elective appropriate subject matter.

(4)  Instruction. By accepfed class and Jaboratory methods. ,
» Laboratory work shall comprise an important part of each !
curriculum. . .

(8) ,Teaching Staff. Qualified as to education and professional
technical experience, and sufficient in numbers to pro-
=- , vide adequate attention to each student.

(6) Educational Institution. An organized school or a division
of an institution devoted to the specific aim of prov;ding
engineering technology programs; a stable organization
having adequate financial support and demonstrated capaéity N\
.and achievement in the engineering technology Kield. The
- school shall demonstrably maintdin a high standard of ethics !
4£®  in its educational program and in all its dealipgs with
. students-and prospective students. In in correspondence,
published material} and other public announcements, the
statements used shall be frank and factual and shall not
be misleading.

3 -

9. -
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) PhyeicaZ'Paaiiitiee. Adequate for the purposes of the
curricula offered.

f In the evaluation of engipeering technology curricula, ECPD
relies on a list of criteria developed as the result of a national
study conducted by ASEE, the results of*“yhich were published in.19621

" ECPD normally finds a two-year curriculum acceptable if. it contains
A approximately one-fourth academic yéar of mathematics beyond college
‘algebra and trigonometry, one-fourth year of bagic science other

than mathematics, one-fourth year of non-technical subjects including
.oral and written communications, at least one year of technical courses,
and humanistic-social studies tascomplete the program. Four-year cur-
ricula are currently accredited on the same basis, although criteria

are being developed especially for the baccalaureate programs.

’

Progress in Accreditation
— . ]
Since 1946, when the first list of accredited curric\ila was

published, there has been an increasing activity both in accreditation

of new curricula and re-evaluation of previously accredited curricula.
Figure 7 shows the number of accredited cuilwicula by year -and its table
displavs the number of institutions by year having one or more ECPD-
accredited curricula. Table 21 Zives detailed historical information,
listing By name the institutions with ECPD-accredited curricula, and
indicating the number of curricula so aécredited and the years in

which aecredited.

The .number of students enrolled in institutions having ECPD-
accredited curricula is of interest. In the fall’of 1969, for
exaﬁple, 23,669 fui{;time and 5,636 part-time sthdengs were repofted
- as enrolled- in schools having one or more curricula accredited by
ECPD. This compares to a total reported enrollment in engineering
technology programs of 110,375 full-time and 34,683 part-time students.2
Thus, approximatély‘Zl percent of full-time students and 16 percent
of part-time students enrolled in engineering technology curricula
are attending institutions having one or more such curricula accred

. ’
.ited by ECPD.

AN

lamerican Society for Engineering Education, Characteristics

. of Ezcellence in Engineering Technology Education (Urbana, Illinois:
" The Society, 1962). . k

/

2John D. Alden, "Engineeriag and Technician Enrollments, '
- Fall 1969," Engineering Education, Sept-Oct., 1930, Pp-31-47.
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FIGURE 7.--Engineering Technolog} Curricula Accredited by
. ECPD, 1946 to Present &

DETAILED'DAIA--Number of Institutions having
One or More ECPD-Accredited Engineering
. Technology Curricula, 1946 to Present.

'

300

Nymber Number

Year ,Of gf
Institutions Curricula

1946
1947
1948
1949
1950
1951
1452
1953
1954
1955
19562 -
1957
1958
1959
1960
1961
1962
1963
1964
1965

1966
1947
1968b

1969¢
1970d 283
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Number of
Curricula

4The basis of reporting accreditation
status was changed by ECPD in 1962, So

“that programs in branch campuses of the
same 1nstitution were reported separately
after that date: It has been possible to
correct data from 1956 onward ‘to reflect
this policy chahge. :

b'c'dData }ncludes baccalauripte curricula

at some institutions.

g
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TABLE 27 “-Institutions Having One or Hor/ECPO-Accredited Engineering ﬂchnology Curricula and Nuamber of Curricula
Accredited, by Year ' - -

Year s
ILnstitution A55}56 58 59 6061 62 63164 65
Acadesy of Aeronautics A 6 6 4 4 505 5 6/ 6]3
Aeronautical Uniyersity, The 2 1 9 !
Akron, Univers®my of 1
Alfred, SUNY/ATC 55!
Bliss Electrical School . _t
Blue Mountain Community College
.Br'idgepor! Engineering Institute
Brigham Young University

Bronx Community Collegqe

Broome Technjcal Community College
Cal-Aero Technical Institute

Canton, SUNY/ATC *

Capitol Ingtitute of TechnologyP
Central Technical Institute
!Chngnnooga State Technical Institute

2

Sl
- e s

City College of San Francisco
Cagsue!l‘b’olytechnica] College
Caston, Unjversity of

De! Mar Col'ege .
De¥ry Instttute of Technology {Chictago) |
Devry Institute of Technology {Phoenix)
Eastern New Mexito University -

w Jon

-
a
o

N | [ oo | fw Jon

Electronic Technical Institute
Embry-RidgTe Aeronautical universityd

~
~

Erfe Commynity College®
Farmingdale, SUNY/ATC
Fayetteville Technical Institute
Franklin Institute of Boston

[E N O E Y

Franklyn University

Gaston CoH’egef

Grossmont College.
Harford State Technical College
‘Houston, University cf

Hydson Yaliey Commynity ColHege

lowa State University

Imdiana Univ,-Purdue Univ /indranapolis
Instizute of Drafting and Technology
Latin Drufting College

Lake Supertor State College

Lowell Technologic.l.lnsutute
Michigan Technological Unfversity
Midlands Technical Education Center
Milwaukee School gf Engtneering

~N o
~N o

Mohawk Yalley Community College
N'evlda, University of

New Hampshire Tecvhnu:ll Institute
New York City Co-‘-unit; College
Norehelstern Univ_Lincoln Collede
Northrup Institute of Technology 2 2 2.2 2.3
Norwalk State Technical College

0810 Coilege of Applied Sciencel 3l ala a8 ala]
Ohio Technical College r i
Oklahoma State Unfverstty 7
D1d Dominion University

Dregon Techniza) Institute

NS W N G

Pennsyivania State U;Hvers?!yk
PSO, Allentown Campus

PSU, Altoona Campus -

PSU, Beaver Campus

PSU, Benrend Campys'

JPSU, Berks fampus® -

PSU, Deltaware Campus




Institution

Year

i6 47 4849

50 §
LI

1 52 53 54 55 565758 59 160

61167 63 64 65 66 67 68

-PSU, Dubois Campus-

+

I
t

1
2

Ja bl

2l2 2.2]
T

[
|
it

2 2

2

2202

PSU, Fayette Campus \

3

i
{

1 <
4 -

PSU, Hazelton Lampus

2 2.2 2 2

PSU, McKeesport Campus

4 d-td

212 2 2,2 2

2 2 ¥ 2 2 22 2

2 2 2

PSU. Mont Altoc Campus

PSU, New Ke{sington C:mpus

PSU, Ogontz Campas

PSU, Schuylkt]l Campus”

PSU, Shenango Velley Campus

PSU, gilkes-Barre Campus

PSU, Worthington Scranton Campus®

PSU, York Campus

2
2
2
2
2
2
2
1
2
3
2
3

Pnoenix College i

~v *

Purdue University - .

Queensborougn Communtty College !

RCA Institutes

Ricks College

= e I e o [ st [ w wifm [~ o

Rochester [nstitute of Technology

Sacremento C1ty College

St Petersburg Junior {ollege

2 2

Sinclair Community Col'ege

142

Southern Tecnntcal Institute

Sparton School of Aeronautics

Spring Garden (ollege?

Tecnhnical Education Siv Prilco Lorp

Temple Jniversity, Tecr Institute

T
Texas, univ of at Arlington

N

- lro
EEN

Trames valley State Tech College .

w

P
w

valparatso Tecnrical Institute

-
w
w
w
w
~
~
~
~

Yermont Technical College

ward Scnool o0f Electronics

Waterbury State Tecn Coliege M

wever State [sllege

- o

Wentwortr irstitute 4 4

1
5

west Yirginia inst of Tech

2313 1385 154

dlns,udes 2 pacca.aureate prograr,
5 ‘
Sforrerty, Zap-to) Radic Ergineertrg

Sirctuges raccaladreate program

Gegrmerly, Imbry-Fidale Aergrastizal nstrt,ce
i

€frmer i g Er e neisutate

‘Formerly, Saston Techricallrsticlte

lzunty Tetkrical

a1 vaccalasreate zrograms
H‘D'mer'y, Rrcnlamd Technical
1Farmﬂ"’y. Tric Mecrapics ,rgltit,te
JIncludes 7 baccaraureate progjrams
Khcered tation griginally anc &
to snow statues of fncdtyidyal
YFormer 4, Erve Center '

Mformerly, Wyomfssing (wnter
Afgrmer’y, Pottsv*ﬂ}ien!er N
rtor lenter

OFormerly, Lcra
s [rseityte

“Former’y, Lprtng Garcer

L)

3%

from

V356 pgnward nave tesr (5rrecies

-




. . 3
) . L Current Issues \’T g
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‘7 Accreditation of - * . ~%q-
, . g i

Baccaldureate Programs

. A major issue confrontipg ECPD, one not complete& resolved at
this time, is that of‘accréditing baccalaureate engﬁ%derlng technology
programs. In antlclpat;on of the problem, ECPD had qaugurated a

study of four- year programs in 196453 a commlttee, chalred by Dean !

H. E. McCallickiof the University of Houstoh\'lssued a report 1n.June,

1968S.

/%¢f Procedure to redognize that engineering technology programs

As a result, ECPD revised its statement on Objectives and

"normally
A7 lead to the assotiate orlbaccalaureate degree." In the meantime,

é{ a request for accreditation of a baccalaureate engineeiing program

10 hgad been received.

Lacking criteria, ECPD postpened actlon, but

ECPD committee with Deah M. R.,

ﬁ charged the MCCBllle committee to develop gu1dellneau§Zr the eval-
Simultan ly, another

uation and accreditation of such programs.

Lohmann of Oklahoma State University

as Chairman was appointed "to consider in.depth the problem$ pre-
sented by the request for accreditation of four-year curricula in
engineering technology. The two committees articulated their

’ efforts. ECPD accepted theiwmoMmendatlon that the criferia being
‘used for two-year curricula be applied alse to Four- -year programs.

Subsequent to the official action by ECPDJskBoard ‘of Directors,

baccalaureate programs at 12 institutions have been accredited. 1In
[ -
addition, in 1970, a set of "Guidelines for-Interim Criteria for
: the Accreditation’ of Baccalaureate Degree Programs in Engineering
Technology" wera}Eresented to the ECPD Board of Directors.t .
p é
vt A number of problems, however, remain: ) i
¢ i;‘ F .
e (1)

Evaluative criteria relatlng speclflcally tjE:hé

baccalaureate program have not’,been adopted if
-

(2) The National Commission on Accrediting, although. it
has recognized ECPD as an auxiliary accrediting agency for matters
relating to the associate degree, has not recognized ECPD ‘for

accrediting baccalaureate engineering téchnology progr

(3) There abpears td be considerable uneertainty about
the, place of .the graduate of a four-year engineering technology

program in the spectrum of technological occupations; although data
.t : ~
. 1.

13

1gee ECPD,

ERIC | -

op.ocit.

s D.16 for 3 summary of these guidelines.

A 1 _O Ij‘.
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‘ %re being accumulated, there is yet too litsle experience with the

graduates of jbaccalaureate engineering technblopgy programs td&

evaluate their competencies or career roles.
* ) 7

(4) Not all of ECPD's constituencies agree tha} the Engi-
neering Technology Committee should haveé responsibility for the

accredltatlon of baccalaureate programs
/

The accreditation of babpalaureate engineering technology pro-
grams by ECPD has many implications for'institutions which offer,
associate d%gree engineering technology curricula. Among the qQuestioRs

raised, these appear impaqrtant.

.

* s
(1)° How will accreditation‘affect transfer opportunities from

associate .degree programs? b

(2) Will the'existence of accredited baccalaureate programs

compromise the integrity of existing associate degree curricula?

- ll

(3), Will enrqllments in associate degree programs be changed.
as a result of the inauguration of baccalaureate programs? (Siime

institutions have already noted substantialeincreases in freshm?n

- enrol;ments and attribute the effect to the availability of a four-

year, program in a neighboring senior institution.)

s

(4) What implicatlons for curriculum’revision exist at the

lower-division level when upper-division prbgram§ become accredited?

(5) Will-some baccalaureate programs become a source of

" .
instructors for associate degree curricula? .

(6) Will there be an appreciable change in the educational role

* of 1nst1tutlons which offer associate degree programs, that is, w1ll

they become essentlally "transfér“ institutions?

The "answers to these and similar questlons are likely to remain un-

Xknown for several years; -the resclution of the problems they imply

are likely to be a dgitical issue for a decade or more.

Continued Lack of Interest
by Community Colleges
‘ %
Since 1961, the American Association of Junior Colleges has

5

taken an officialrstand against the accreditation activities in
two-year institutions of all specialized agencies, ECPD included.
In January of 1965, a resolution of AAJC instructed their members

e .
on the board of the National Commission on Accrediting to \secure

_ NCA initiative ‘and leadership to reconcile and to systematize the
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diverse elements and organizations #n specialized and general

accreditation..." NCA has expressed a commitment toward this goal.

~ Th® AAJC has two basic concerns about accreditation by specialw,
ized agencies; these relate to cost and to the proliferation of
accredﬁfing agencies. Regional accreditation, the junior colleges

feel, 15 an adequate assessmejé of program quality.

A study conducted by the flentér for Research gnd Development in
Higher Education, University 8f California at Berkeley, and supported

by the U.5. 0ffice of Education focused on the problem 1 The study
report contained conclusions that the anxiety of two-year colleges -

about proliferation and 'cost were largely unfounded, that the problems

2 A
institutions face with regard to specialized accreditation are largely
. . . ’ - § . . .
soclological in nature, that problems reldted to licensure anc legis-

lation are the real concern, and that accreditation is likely to con-

tinue as a problem for two-year colleges for the next decade.?

Inxspite of the official stand of'the majority of AAJC members,
however, some community colleges have sought and achieved accredita-
tion of their engineerimg technology progrems. The current ECPD list
contagns 15 such institutions having a total of 42 curricula so accreds
ited. It is certain that many other institutione‘pave patterned their
engineering technology‘curricula after those in the colleges with ECPD
accredited curricula. As a consequence, a, number of programs exist
which satisfy ECPD's criterfa, even thougp these programs have not
been formally evaluated. . Some observers comment t the. exemplary
role of the schools on the ECPD list, gs individudl institutions, has
been more significant in improving the quality of engineering tech-

nology education than has been the formal accrediting procedure. J

The dilemma related to accreditation of engjineering technology
programs in community colleges is likely to remain‘pnresolved for

some time. -
. _ .
Evidence of Interest by . . ) . ;
Bodiles other than ECFD ' .,
s

In addition to the interest shown by ECPD, the general domain of
technological education has attracted the attention of several other

w
profes§%onal bodies. The National Association of Trade and Technical

»
'

lLloyd E. Messersmith and Lelard L. Medsker, Acereditation of
Vocational Technical Curricula im Postsecondary PMetitutiones 4Berkeley
Center for Rekearch and Development in ngher Education, 1969).

21bid., pp.59-75 .

* . a » N ™~
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Schools, -the American Vocational Asééciation, the American TecNnical

Education Association and the newiy -formed National Association for

Industrial Technology are examples of the groups which are conglderlng

some of the areas which interface with and--in''some cases--overlap
the areas of concern of ECPD. Betweerkand among these and other
bodies, problems of cooperation, coopdlna%ion'and communication are

certain to become critical issues-for the future.

¢
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' ". CHAPTER 6 . ‘e ' . )

CHARACTERISTICS OF FACULTY MEMBERS IN ASSOCIATE DEGREE
ENGINEERING TECHNOLOGY PROGRAMS Lo

. : i Vol
‘ This paper is the report of &\::}dg of a anected sample of

* faculty members at institutiohs which. offer associate degree engi-
neering technology curricula. It includes summary information about
gudh characteristics ag eduoatidnal background, teaching experience,
inqustrgal experieneéj%;articipation in-professional activities; and
scholarly publications; it presents an overview of facubty perdeptions
about the strengths and wéaknesses of the programs in which they
teach; and it reports fagulty member's attztudes toward the "critical
i88ues’ in engzneerzng technology gducation. Posszble differences

. tn faculty characteristice which may be nelated to the discipline of

teaohzng or the institutional settzng mre analyzed and discussed.
L

o Procedure . : '

Information for this report was summarized from data supplied

by deans or other administrators, from comments wrltten and submitted
by faculty members,. and from notes made on ‘personal. interviews with
faculty members at institutions visited for that purpose by the chief
investigator. Originally, 24 institutions wefe‘visited, apd individual:’
or group interviews with ﬁore than, 150 faculty members were held. " Not
all 24 parpticipating institutions, however, submitted all’ the documents
which we:j'needed so that complete data were available from only 17 *
1n§t1tut

ne Faculty characterlstlcs such as degrees, teaching ex-

- ——s

e

- perlence, 1ndust;“3l experience and the ‘like were elicited by means
N of a "Faculty Profllé\sata Sheet" completed by an admlnlstrator,
faculty members were not identified in any way to the chief investi-
gator, Faculty attitudes and perceptlons were supplied in the form//
of written documents submltted by ‘faculty committees at each of® the
particdpating institutions'; "content analysis" techniques were used
'éy th ch{if investigator tg produce a summary.

'
‘

*
Sample .
The sample of faculty members includes 404 individuals at 17
1nst1tutlons, the sample is reasonably distributed by geographlc

region of the country, by technical specialty, and by institutional

settingr., The following tables and discussion describe the éémple in

detail. —/« . - ) .
-97-
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Table'2Z shaws the distribution of the sample by regionr and by

nature of teaching assignment, that is, "technical” or "general '
subiects. "For purposes here, teaching assignments in English, math-
N 'ematicg, natural science, hdmanities and social studies were termed
‘ generai subjects; all others were, therefore, considered technical
‘ .'subjects The table'reveals that 274 of the 404 faculty members in

this sample ‘(about 68 percent) were teaching suGh technical sub]ects.

- -~ ’

-

TABLE 22. --D1str1but1on of a Samp]e of 404 Engineering Techno]ogy
Faculty Members by Region and by Teach1qg Ass1gnmept
1

4 4 ~ . - -

-

- L)
- Number of Individuals, by Assignment
Geagraphic :

. Region ‘ ]

e -, - General Subjects Technical Subjects ATl Subjects

Northeast -~ 38 9 . 129

Southeast - 45 47 . 92

.. North Central 40 ot 67 107

, South Central ’ . 5 .. 32 37

’ West ) 2 37 . 39

Q .
TOTAL oy T YT " 404

AN

To some extent then, technical faculty appear to be sli#htly over-
- represented in the sample, for associate degree engineeriwg tech- .
'nology curricula usually contain only about 55 percent of their credits

in the technical areas, (see Chapger 2), so that one might expect to, .
find just 55 percent of the faculty teaching- technical ‘subjects. Such

+ -

an expectation is not entirely justified: it must be kept in mind that -
class sizes in general subjects ére often larger than in technical -
subﬁects, so that some skew of ‘the technical/general faculty ratio

in the technical direction should be' expected; furthermore, technical
subjects-—espec1ally laboratorles--often have special additional faculty
manpower requlrements, a factor which also tends to skew the faculty
ratio. On the other hand, one factor in the research design has pro-
duced. a 'real bias: in instituvfons where the teaching pespo;sibility

for éenepal subjects lay outside the control of the tngineering tech-
nology unit, no data on "general faculty" 'were collected. This bias,
howevgr,'is small because only a3small number of thé’participating

, institutions had such an administrative pattern.- In ny case,.the -
o . > . 2

ERIC . . .
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Y - )
over- representatlon in the sample of faculty members teachlng tech- ‘

nlbal sub]ects is not considered serlous . -

L4

The 404 faculty members in the sample tadght in three major

institutional settinés, defined as follows:
. ; , .

- " Monotechnical Inestitutes--single purpose institutions having
. ' engineering technology education as their socle institutional
' objective; - -
’ v Polytechnical Ingtitates--institutions with a variety of objeéct- .

ives related to technical and occup;?ional fields, including
programs related to business, health and public servicde as well

“ as to engineering; .

Comprehensive Community Colleges--institutions which include an.
Sccupational-technical program as well as a liberall arts or pre-
professional "univepsity parallel," "trapsfer" program and an

adult educa'tion, community service:program. ' : .

Of the 17 institutions participating in the study, 4 were classifiable
as monotechnical institutes, 7 as polytechnical institutes, and 6 as
comprehensive community.colleges. Both engineering technology enroll- -
ments and size of engdneering technology faculty, howgver, were apprec-
iably smaller at the more multipgtpose institutions, so that the
largest proportion of the faculty members in‘the sample came from
monotechnical institutes. This is indigated in Table 23, which shows ’
the distribution of the sample by jnstitutional setting and by teaching
assignment.

TABLE 23. ‘D1str1but1on of a Sample of 404 Engineering Technology
Facu]ty Members by Teaching Assignment and by Institutional

. Setting ’
Number of Indfvidua]é, by Teaching Assignment
Institutional » :
Setting } p
General Subjects Technical Subjects A1l Subjects
Monotechnical Institution 80 124 204
Polytechnical TInstitution 39 , 109 148 .
Comprehensive Communify 11, 4] kr 52
College ] ' .
—_— . —_— —_— *
. .. . TOTAL < 130 274 ) 404
" P :
A T 7 . %

The facﬁlty members in® the sample were distributed by discipline -
as” shown in Table 24. Examination of Table 2k reveals that im the
’sample the largest fumber of technical faculty ‘members is associated
with the electrical/electronics area; the number. of individugls related |
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respeétively to the mecﬁahical draftlng, Fnd ;1v11 areas follow in
that orper * Other researchl has shown‘*that the dlstrlbutlon by -l

P 'technlcal spec1a1ty of both students and gkaduates foldow patterns
- /
51m11ar to Thls one, such con81stqnc1;C support an assumptian that -

" the sample of °ng1neer1ng technology culty members considered here
<

,15 adequately representatlve. " .
“ .
-

! { . ~ ,
TABLE 24. --Teach1ng D1sc1ghnes of a Samp]e dfi 404 Engineering
Iechnou&y cFaculty'nembers

t"., J - /_‘\ ’ . '

Y

AN

) .
Teaching Discipline ) Number of Faculty -
.‘ ’ . ‘
awﬂ Technology . 33
“Drafting, Drafting Techno]ogy . 44
Electrical/Electronics Technology - 95
-~..- Mechanical Technology .59 )
Other Technologys#Areas?d 37 . ~
English, Communications , ) 3Q : ' .
Mathematics 40 P
Physics, Chemistry 35 .
. Humanities/Social Studies 21 .
Other and no response 10
TOTAL 404

; -
}

-

L)

4Includes Aeronautical, A1r Conditioning, Architectural, "Chemical, .
Computer, Heating, Industma] Management, Textile, and Environmgntal .
X . ;

- .

o

.

3

Faculty Characteristics : ' /’ﬂ'\\

&

Rank

While not all the particdipating institutions conferred academic
rank on their faculty members, the majority did. The number of indiv-
iduals reported in each of the traditiom§l rank chtegories is shown
in Table 25. The category "other" in the tabié includes titles such
as "laboratory instructor," "special lecturer," and the like. The
table reveals that, while only a small fraction of englneiﬁang tech-
nology faculty members carry "full professor" titles, the majority

(234 individuals, 58 percent of the total) have "professorial" rank

N ‘\‘i’
1See, for example, -Chapters 7 and 8, herein. ‘ !
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TABLE 25.--Academic Rank of 404 EnginEering Technology Facutty neﬁbgrs

£

=

'Agedemic Rank - ~  Number of Perceritage
. : Individuals . of Total

» 0

Prafessor . 22 . I 5 »
Associate Professor . 87 22
Assistant Professor _ 125 . 3
Instructor - - 113 \ 28
Other o 19 5
Rank not applicabie . { 38 9
TOTAL 404 100

<

v

in one of the three grades traditionally used. An appreciably smaller
number (132 individuéls, 33 percent of the total) are in the "instructor"
and "other" grades. If i; is assumed, that the individuals in the "Rank
Not %pplicable" category would be distributed proportionately to the

five rank categories were rank available to them, then approximately

eu perceni'of the engineering technology f¥culty members in this sample
would have professorial ranks and 36 ﬁercent would have less-than-prof-
essorial rank. The inference foi}ows that engiﬁeering technology faculty
members are predominantly tenured\and experienced teachers whose achieve-
ments and competencies have received recognition in the form of academic

rank or title.

Educational Backgrounds

Collectively, the 404 faculty members ,in the éamp}e had earned ~
50 associate degrees, 373 bachelor's degrees, 217 master's degrees
and 14 doctor's degrees--a total of 654 such awards; only a small
number (3 percent of the.sample) reported. no degree, and these were
most of ten individuals with special credentials such as an FAA license

—

or a journeyman machinist's rating. \

His highest earned degree is usually considered the credential
most descniptive of the qualifications of-a faculty member. Table
26 summarizes this information for the engineering technology faculty
members in this sample. Examipation of the table reveals that 93
percent of these individuals hold bachelor's or higher degrees and

55 percent hold master's or higher degrees.

Detailed analysis, of the data revealed no statistically significant
differences in the distribution of faculty credentials by institu-
tional setting and by teaching assignment were studied. Tables 27 and
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TABLE 26. --Highest'ﬁégree Credentiafs Possessed by -a Sample of
404 Enq1neer1ng Technoelogy’ Facu]ty Members

«. W _ ‘./! ) . }
v~‘( ' : . Individuals ﬁossessing Credentials
“Credential . K L, 4 .
. . - i!’, o “uwﬁe} - Percéntage
Less -than Bachelor's Degreed .38 e . | g b
~Bachelor's Degree o 149 . 3
Master's Degree - ) - 207 Lo “2
“'Doctor s Deqfee - .14 . 3 ‘
T . 'TQTAL Lo 404 L L

~ . ) M -

8Lncludes ds;ociafé deg;qest'diplomas, and certificates.

. : . : :

TABLE*?? --D1straBUt1on by Instititional Sett1ng of Highest Uegrees
for-a Samp?e of~494 tngineer;ng Technology Faculty riembers.

A T
L, - - —
’ Percentage’ of Faculty., by Institutional Setting?

Highest Wegree — i : —

L e 5 Tooow T p c Total
Less than Bachelor'sP. T T 4 8>
Bachelor's ) .35 . 43 27 37
Master's o n - - 51 48 . 61 52

Dgctor's 3 "2 - 8 3

.

’

aM=monotechn1ca] institutes, P=po]yte€€nic institutes, C=c23}rehensive
community colleges as defined in this ‘aper.

»
bInc]udes associate degrees, diplomas, and cert1f1cates

-

28 contain the data. Table 27, for example4 displays the distribution
by institutional setting of the percentages of faculty members having
various highest academic credintials. It is readily apparent from the

(
table that engineering technology faculty members at community colleges.

more often possessed advanced degrees .than did their counterparts at

monotechnical or polytechnical institutes. Furthermore, the largest
number of faculty members without bachelor's or ﬁigher degrees were
employed by monotechnical institutes. Tabl& 28 shows data similar to
that of Table 27, but includes only faculty members teaching technical
subjects, a subset of 274 individuals from the total of 404 in the-
sample (sg;,iab;e 23 apé)accompahiing discussion). The data in Table
28 do not revealt‘any new relationshipsle institutional setting 4nd

g ~—
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_ the differences wege small, as indicated in Table,30.
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TABLE 28. *-D1str1but1on by Instvtut1ona1 Setting of Highest Degrees
for 274 €ngin ng Technoloqy Facu]ty Members who teach
Technical Subjects . ’

i “ ¢ . j

3

advanced degrees than "those who teach general subjects; the differences,

4\

«

Agreement of EducatiQnal Background :
with D1sc1pline of Teaching .

An investigqtion was made of‘héw well the educgtional‘backgrounds
of each of the uéu engineering Iechnology_faculty'members corresponded'
to‘;heir teaching 5ssignments. "Agreement" -was based on direct cor;
respondence of the discipline of the degree and the discipline of
teaching (For example, an individual with & B.S. in civil engineering
who was teaching surveying was grored "agree," an individual with.a
B.S. in physics who was teaching electronics. was scored "disagree'
afd an individual 4ith a hlStOPJ major whq ‘was teaching English was
scored "difaéree ") ,stle 29 gives the ' résults. ¢As can be noted
from the .table, a substantial majority of the faculty members yere
teaching in their major field. Detailed analysis showed that per-
centage of agreemants" wag (1) slightly Higher for faculty members
teaching technical sub]ects than for those teachlng general sub]ects,
and (2) somewhat iower for faculty members in comprehensive community

r
colleges than in other imstitutional settings. In each instance,
?

N ' .

qTeaching Experience Lo

" - -

The 404 faculty memberp in the sample reported their prior teach-
ing experience. Table 31 givés a summary of the data. The range in
the data reported was,0-39 years; the mean was 8.7 years. The data

’ - ' t -

;o 11, S

t ‘ H ¥ : ‘ Y .
. 3 . . Percentage-of Faculty, by Institutional Settmga ‘
Highest Degree . . — - —
LA M o T c Total
“ . L \ -
Less than Bachelorys 16 : 7 5 an;
Bachelor's- = ;- .37 : 245 o, 32 39
Mas fer's < ’ 4? 45 . 56 47
Doctor's o -3 7 3 .
“See footnotes, Table 27.. = .° - : f ' :
. - o ’,‘ . ) T ‘ . -\~
lead to the same'inferences as just stated Cn”the other hand, a com-
"parison of the data in the two tables suggests that engineering tech- ////
'nology faculty membea; who teéch technical sub*ects may have fewer [
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TABLE.29 --Agreement of Educa4iona® Background and Discipline of Teaching
qj a Sample of 404 Engineering TechnoTogy Faculty-Members

R ‘Number of 2 .

Condition /’ Individuals Peréwntage
Background and assignment agree .322 80 © oy
Background and assignment do gpt agree " 60 15

. Data Insufficient for analysis 22 5
TOTAL- 404 100
. i B “,’ -
. . ‘.
}‘\ 4

V

TABLE 30. --Percentages of Background/Assignment Agreements for Engi-
neering Technology Faculty Members of Various Categories

[

Faculty Category : * Percentage of Background/Assignment
’ Agreements’ ¢
.
»
Technical Faculty .
Monotechnical Institutes 84 .

. Polytechn1cq},1nst1tutes . 83
Comprehensive Community Colleges 71
Total, -A11 Settings ‘ 82

A1l Faculty ' .
Monotechnical Institutes . . 81,

, Rolytechnical Institutes 81 2
Comprehensive Community Colleges 71 }r
Total, Al1 Settings , . 80

+ ~‘ to N . ) %

TABLE 31 -rAggqregate Prlor Teach1ng Experience Reported by a Samp}e
of 404 Engineering Technology Fachty Members

P . .
Pridr‘Teach1ng Experience Number of Individuals
. . _
0 - 4 VYears S 159 %
5 - 8 Years 102
9 - 12 Years ro. 55.
13 - 16 Years - . 37
y 17 - 20 Years 18 ' ' K
v 21 - 25 Years . . 14 ¢
Over 25 Years N
¥ TOTAL 404
' - »

P
LT

'
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showed nearly identical patterns cf teaching’ experlence for all 1nst1—
tutlonal settings and for the nature  of thé teaching assignment, that
-1sh'techn1cal or general studies. That a substantial majority aflthe
faculty members in,the‘sémple reported teaching experience of five or
more fears i's’ consonant with the distribution by" academic rank of .
this group, previously discussed: 61 percent of the sample have five

or more years_experienge; 58 percent are listed in thk "professorial"

ranks (see Table 25). ! : ‘ .’
Industrial Experience .
- The faculty members in the sample reported the number of years
) " industrial experience they possessed. Table 32 contains summary
*
P - data. The range reported was 0-43 years; the mean was 6.5 years.
< - ' - . .
l. TABLE 32.--Aggregate Industrial Experience Reported by a Sample
A of 404 Engineering Technology Faculty Members. .
. ° l
Industrial Experience ° Qumber of Individuals
rd
- N =
. ’ None N 98 N
1 -4 Years A ' 116
5 -8 Years CA .80
9 - 12 Years 44 -
13 » 16 Years 27
17 20 Years 20 )
Lt 21 - 24 Years . 7
25

85{1 - Years or More ' . 12

Letailed analysis jof the data revealed only minor difference
in the pattern of indubtrial exﬁerience for the faculties of mono-
technical institutes, polytechnlcal institutes and comprehensive
conmunltj colleges, but showed some differences when t nical faculty
and total faculty were compared. Figure 8 indicates izz:e results.
As migﬂt be expected, the proportion of "technical" faculty members
with industrial‘experience is greater than that for the sample as a
whole. The interesting finding is that the proportion of "all faculty
menmbers, alf_institution§% without industrial experience (25 percegnt)
s appréciabiy less than the proportion’of faculty members teachHing ¢
"general" subjects (32 percent); %hus, many engineering technology
faculty members whose teéching disciplines are mathematics, natural

-

science, English, or humanities/social studies have industrial exper-

ience, a condition which some observers would commend highly.
1]

1135 :
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FIGURE 8.--Proportions of Engineering Technology Faculty Members
Reporting Various Amounts of Industrial Experience.

¢
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Mondtechnical
Institutes

A1l Faculty,
Polytechnical
Institutes

Allmfaculty, Compre-
h ive Community
Co™ege

A1l Faculty,
A1l Institutions

Technical Facully
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»
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Licenses, Professional Registration ~ .

The faculty members in the sample reported their possession of
a license or profe551onal reglstratlon Table 33 gives. a summary cf
the data. A detailed analysis of the data showed no 51gn1f1cant
differences in the porportions of license-holders by iInstitutional
setting; Table qu contains the results.

» -

Memberships in Tec¢hnical o (?“
and Protessional Societies .

The LQOY4 engineering technology faculty members in the sample
reported their part1c1patlon in professional activities in terms of
memberships in technical or professional.societies. For the purposes

here, prqofessional societies were defined as organizations principally

1!y ~
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TABLE 33. --Licenses Reported by a Sample of 404 Engineering Tech-
nology Faculty Members. -

—

#
. , Number Percentage of
Iype‘of License Reported ) Sample
‘ {

+

- ,Professional Engineer 66
‘Registered!|Land iurveyor 11
Eng1n§er1ng Techhician? ’

Other N 37
o R

TOTAL - 125€.

qIncludes grades of. "Eng1neer1ﬁg Techn1c1an" and "Senior Eng1neer1ng
Technician" i

PIncludes Architect, Landscape Architect. Registered Engineer, FCC ~
1c9nse. FAA License

€12 individuals reported possession of two licenses; thus 113
individuals (28 percent of the sample) possessed qgne or more 11cen‘£iJ

/

TABLE 34.--Proportions of Engineering Faculty, by Institutional
Setting, with One or More Professiohal Licenses. )

-

‘
b

Institutional Setting Percentage of Faculty with
. One or Mare Licenses .

L4

Monotechnical Institutes . 26
Polytechnical Institutes 30
Comprehensive Community Colleges 31

TOTAL SAMPLE 28

> ( - P
related to the practice of the engireering or géaching %rofessions\
(for example, ASEE, NSPE, state societies of PE's) gndvtechnical
societies ‘'were defined és organizations concerned primarily with one
of the dieciplines of engineering (for example, IEEE, ASME; ASCE).
A total of 732'such memberships--professional and technicals-were .
reported, with nearly four=fifths of the individuals in the sample ¢

reporting one or more memberships. Table 35 shows the data.

Publications

’

The faculty members in the sample reported the number of pub- !

lications credited to them in terms of these§, dissertations, articles
« -

|l N

1
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f l TABLE 35.--Professional and/or Technical Society Memberships Reported
S by a Samp]e of 404 Engineering Technology Faculty Members.
- ‘ .
-~ B N
<7 . ., , k-—-\ ., ’
! — : ‘ Number of Percentage
Item ’ . Individuals of Sample
L] ‘\ .
- Individuals with one or more membersh1p§ 315 78
Individuals with one or more profess1ona1 243 58
society memberships ’
Individuals with one or more. technical 186 46
soc1ety memberships
Individuals with one or more memberships 124 3 .
in each type of society
»
~ in scholarly, trade or professional journals, formal papers,.dellvered

, texts for which they were the author or = contributing author, and
others. A total of 970 publicatlons were reported. Table 36 containsg

the data.
v B
TABLE 36. --Pub11cat1ons Reported by a SampTé of 404 Eng1neering
Technology Faculty Members. . .
i)
i . I
. '
3
’ Type of Publication Number
- . 4 *
3 i ,
o0 Theses, dissertations L 92
Other Research studies 174
Articles 366
/ Fo%ma] papers delivered 256
Texts 36
N Other publitations ° . 46 )
' : v » TOTAL 970
. =
/ . :
/; . '
Faculty Recruitment
Administrators 2% the éngineering technology units of the par-
ticipating institutions weré asked what strategies~they used 1n the
‘" ’ ) recruitment of faculpy members. Most administrators stated that they
- recruited princfpally from individudls employed in local industry,

and that a major factor in their hiring decision was their personal

acquaintance (or that of a staff member) with the individual being




recruited. Other strategies were also listed. The recruitment tech-

nigues reported are listed in Table 37 in rank order of report-frequency.

h\

TABLE 37, --Stategies Used for Recruitment of Engineering Technology
Faculty Members, As Reported by Selected Program
Administrators. - -

.

. Rank Order of
Recruitment Stategy . Reported frequency
of Use -

Recruitment from local industry
Advertigement in technical journals
Advertisement in newspapers
Recruitment from gollege placement offices
Recruitment from 2eacher placement agencies
Recruitment from teachers employed elsewhere
Review of "blind" applications

\

]

- Faculty Attitydes

Faculty members in the sample were given oppor%unities to express
their attitudes about thelr jobs and the curricula in whlch they were

teaching. The comments were of the "free response” type, and have

been paraphrased or abstracted in the following paragraphs\

Souraes of satisfaction--Faculty members znjoyed "observing

students grow...,"

"being involved directly in the education process..
"getting a job done...," "helping solve the [technical) manpower
problem...," and "working with young people..." They liked the "re-
laxed academic atmosphere" as contrasted with "the pressyres of
industry.” One expressed satlsfactlon with "...the chance to utilize
fully my technical background, " and several stated they enjoyed the
challenge” of teachlng The series of comments focused.on general
satlsfactlon with the academic environment in whiah these teachers

worked. -
LR
Sources of dissatisfaction--Faculty members expressed some con-
oS =

cern about "lack of communication on campus," "...interference from
"tradition-bound' [colleagues]...y," and the "lack of time to keep
abreast of the technical field," but few major dissatisfactions were
expressed. Some voiced complaints about "lack of budget for equip-
ment and supplies" or "insufficient funds for operation", but these
matters, from the tone of the responses, seemed to be irritations

rather than major dissatisfactions.




\

e~ Perceptiond about curriculum--The majority of th‘eifaculty &nfbers
who responded perceived the engindering technology curricula at théir
lnetitutions as being "excellent" or "strong" in the technical course
content. Most identified the "'hands-on' method of instruction" or
the "practical approach to problem solving" as a special strength of
these curricula. They seemed,_howevef, bothered by factors of "image";
they often expressed a "lack of understanding," or a "lack of acceptance"
as unfortunate weaknesses; some deplored the "second-class citizenship”
status in which their students reputedly were held. But the most
frequently expressed perception was that the engineering technology
curricula were not attrgcting sufficient numbers of qualified students.
Positive sentiments, however, predominated in exprassions of faculty

attitude.

Faculty Assessment of '
Cr1t1cal Issues

v

Engineering technology faculty members were asked to express,
in "free response" format, their concepts of the critical issues in
engineering technology education. In, rank order of frequency of

identification, the following pr@f{lem areas were most often mentioned: ,
3

1. Developnent of public understanding of the nature
of engineering technology education.

2. Recruitment of students. b

—-—-‘L\

3. Adequate funding !0; existing and emerging programs.
4. The emergency of the baccalaureate program in engineering

technology.

Other issues identified include needs for reduction of attrition
rates, articuffition with senior institutions, and better feed-back

from industry.

Summary +

A study was made of u0u englneerlng technology faculty membersy
274 of whom were teaching tgchnical subjects and 130 were teach1ng
general subjects. The individuals in the sample were reasonably ’
distributed by geographic region, institutional: setting, and teaching
discipline, so that the summary data bn the sample adequately pro-

vide a profile of engineering technology teachers.

More than 60 percent of such faculty members hold academic fanks
of assistant professor or higher; 37 percent are teaching with only a

bachelor's degree‘but 55 percent hold a master's or higher degree.

- i)
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Onlﬁ‘h,percent have less than a bachelor's degree. These faculty
members are usually found teaching in the discipline.in which their

degrees were earned; this was true in 80 pe;cent of thé cases examined.
* . .
Engineer&ng technology faculty members have a mean of over '8 "

. ) .
years of teaching experience and nearly 7 years of industrial exper-
ience."Apout 28 percent of them hold professional licenses of one

sort or anither, and 78 percent of them hold membership in professional

or technic&l societies. These individuals also publlsh scholarly

works, the 404 of them having been credited with an aggregate of 970

L3 . b ‘
publications.

ﬂ .
Currently, engineering technology faculty members are reported

as“being recruited most often_fpom.individualsej:Zisyed in industry,
although other strategies are ®wlso used. Thes

»

culty members find
satisfaction with the Nchéllenge of teaching," have somé concerns about
budget for their programs, believe that the "practice-oriented" cur-
riculEp is a strpngth of their program, and.identify the "poor public
image" of engineering technology as the most critical problem in the

area of englnequng technology educatlon.

14
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CHAPTER 7

STUDENT TECHNICIANS: A STUDY OF SOME CHARACTERISTICS
OF STUDENTS ENROLLED IN ASSOCIATE DEGREE
ENGINEERING TECHNOLOGY PROGRAMS
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STUDENT TECHNICIANS: A STUDY OF SOME CHARACTERISTICS

OF STUDENTS ENROLLED IN ASSOCIATE DEGREE
’ ", ENGINEERING TECHNOLOGY PRUGRAMS

. - -

N

Thie pager describes briefly some characteristics of etudents

enrolled in selected agsoctiate degree ehgineering technology curricula.

It gives some statistical information about their socioeconomic back-
grounds, their high school preparation, their mo;ivations and aspir-
ations, and thefr perceptions of factors which influenced them in
making career choices. Data were obtained f?pm questionnaires die-
tributed to students at varivue institutions which offer asgsociate

degree engineering technology curricula.

+

. The Survez

The Questionnaire

The survey instrument used in this study was a questionnaire
of 25 items (see Kppendix E). A pilet study,?based on a 27-item
questionnaire, had been conducted; the experience with the pilot,
hoyever,'shoﬁed that two items (numbers 1% and 26 in the original)
were redundant ‘and cguld, therefore ﬁe eliminated. The final
instrument was printed without renumbering items and with the re-
dundant questions omitted. . 2

Procedure 3

7

The questionnaires were distributed to selected students by
faculty members or administrators at participating institutions.
Students completed the questioﬁﬁairgs anon&mously and retufrned them
to their institution. The institution, in turn, submitted the
questionnaires }o the ETES Staff for analysis. Institutions had
been requested to solicit responses from engineering technology
stu?gszf in the second or a later term of the curricalum, but
sampling-procedures were not specified. Although the sample gas
not -controlled, the, general internal consistencies in the data
generaée some coQ dence that. they are reasonably representative
and hence acceptable fér the purposes here. .Furthermore, the
principal investigator interviewed approximately a dozen students
at each of the participafing institutions and found high degrees
of correspondence between information elicited by interview and
- .,4/-115- '

+
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» that obtained frem the questionnaire.
. - v ' ' ~
The Sample . - )

, The survey generated 1241 completed\questionnaires'fromrstuQents
., N .- M
at 16 different institutions, althbugh not all responses on all
- questionnaires were usable. Some general characteristics of the

’

E ] .
sample are summarized below:

. . ===-1212 of the respondents were malé, 29 female (women constituted

only 2.4 percent of this sample)
---281 (23 percent) of the respondents were married

---92 percent of the respondents were attending college full-
time; 8 percent, part-time (it is believed that in the
’ total population of associate degree engineeriﬂgitechnology
students, part-ti¥me students constitute a proportion somewhat, ,f
7 greater than 8 percent; hencg part-time students may be under-

! . represented in ‘the samp%e) 7

---252 were attending colleges locgted geographically in the

v northeast region of the United States; 375: in the southeast}
118, "in the north central‘sebtionl; 241 in the south central
section; and 254 in .the west coast region. Figure 9 displays

. this distribuzion.

&
\

v

&
- hd ' »
RN R FIGURE 9.--[S)ist;ibu$i?g4$y Geographic Region of Individuals in a
. ample o .Associate Degree Engineering Tech
_-Students. S g 9 chnology %
v .’; ;
' L]
. -

.
. v ) . 1l1n addi'tion, summary data on 230 additional students iR the

i

¢

noerth central region were available for cémparison! however, these
- data were not included in the analysis here. ' . N

Qo
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.‘ . Ahalysis of Data
~

Socioeconomic Backgrounds . . 4

Age--The méjority of thé associate degrlee engineering technology
students who responded to the survey were 21 years old or younger,
66 percent falling in{o this category; hoWever,rsliéhgly more than »
10 percent reported ages of 26 years or more. Figure 10 shows the
distribution of ageslas reported by 1238 students who respanded to
Itgm 1 of the questionnaire. The range of reported ages extendéd

from 17 through 48, with 19 being the most frequently reported .age.
The accompanying table gives detailed data.

~

h!
-

Figure 10.--Age Distribution of 1238 Age'DistributLon of 1238
- Students in Associate Degreg Students in Associate Degree .
Engineering Technology Engineering Technology Curricula.

Curricula.
’

31-35%
36-40
41 & Over

Home Location--Table 38 shows the nature of the pome'locations

of those responding to the questionnaire (see Questionnai¥e Item 22)
‘1213 individuals supplied data. It is in.teresting to higte that the
proportion of engineering technology students comihg from farm, rural
or small town locations, a total of 31.2 percent, is considerably

123
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greater than the corresponding proportion of such individuals in the

population as a whole, about 14 percent according to census estimates.

L N
Father's Occupation--The associate degr%s engineering technology

students in this sample appear to come largely from families in which
the father is or was associéted with a technical field.. Of the 1104
students who responded té a question about their fathers' occupations
(see Questionnaire Item 24), approximately one-third indicated such a
reiitionéhip. ‘Table 39 li;ts, in order of decrgasimg frequency, the

data which were reported.

v

TABLE 38.--Home Locations of 1213 Students in Associate Daqree
Engineering Technology Curricula.

~F

‘ Students Reporting this Location

Home Location

Number Bercentage

»

3

Farm or %n‘a] Area 192 \/ ©.15.8
Small Town 186 15.4
Large Town 93 - 7.6
Small City 216 17.8
Large City 7 250 20.6

8

Major Metropolitan Area 276 22.

i,

TABLE 39.--Father's Occupation for 1104 Associate Degree Engineering

Technology Students. /

7 A

T v 4 r

Occupational Category Number Reported

Craftsman, skilled worker . 156
Technician or equivalent (Constructipn, operation, 133
" repair, inspection, testiwmg, etc.)

Supervisor, foreman, marmager, executive, etc. : 124
Proprietor of business, contractor, etc. ‘ 100
Unskilled worker 95
Production worker (skilled) ’ ‘ 93
Sales . ’ 87
Clerical or office worker : 75
Farmer, rancher, etc. Lo 72
Engineer or Scientist 60
Military ' a 45
Physician, Lawyer, Minister, Teacher 37
Miscellaneous (Musician, Policeman, Fireman, ’8

Journalist, etc)

. / 1:2‘}

-4
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¥amily Income--Students in associa%e degree engineering technology
curricula,éppear to come from families having reasonably adequate in- .
comes, although there was an extended range in the data reported by
the l142 students who responded to a question dealing with this matter
(see Questionnaire Item 25). From data reported, the mean family in-
come was estimated to be $790 per month, about $9500 annually. The
median income was estimated to be somBhat lower, approximately $8800
per year. 'Table u0 gives Qetails of the responses mage.

n ' A

N . . .
- TABLE 40.--Monthly Family Income Estimated by 1142 Associate Degree
Engineering Technology géudents.

i

o

Y

Caonﬁhly Income o Number of Students ’ .

/ Less ‘than $400 . 104
$400-$600 298
2600-5800 258
800-%1000 212 .
510Q0-$1200 102
$1200-$1500 83
Over 21500 85 /

o
' Y

P

(4

An interesting and somewhat anomalous pattern was revealed by
a detailed examination of the completed questionnaires. Mapy of
the students whogreported family incomes of less than $400 rer month
were individuals who had c{gssed their home locations'as a "farm or

"¥and had given their father's, occupation as "farmer" or

rural area
"rancher.” st of these students also reported that their college
expensés were coming wholly or mainly. from their famlléesi Hence,
there apé some indications that many who reported low famfzy incomes
were reporﬁéﬁg "cash flow" data and that "standard of living” or
"socioeconpmic level" inferences cannot be safely drawn, particularly,
at the lower levels. Other research datal also tend to indicate that
the median economic status of the familigs of technological students

is somewhat higher than that of the college population as a whole.

QSee, for .example, American Society for Engineering Education,
The Technician'e Peer Groups: A Review of Some Research on High Sechool
Students, Study Report No. §, Engineering Technology Education Study
(Washington, D.C.: ASEE, 1970), pp.13-15.
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éollege Agmission'and Performance

The vast majority of the students in the sample reported high
. school graduation or transfer from another college as the basis for
admission to college (see Questionnaire Item 11). Only 87 (7 percent
of the sample) listed the General Educational Development Test as the
basis for admission. - .

The students in the sample reported generally satisfactory per-\
formance in‘their college programs. In response to a question about
their current grade point average (see Questionnaire Item 10), 1228
of the 1241 students reported GPA values; the mean 6f the GPA'J re-
ported was 2.46. The distribution was as follows:

1
Grade Point Average Number of Students
Lower than 1.5 sy .
1.5 - 2.4 637
2.5 - 3-4 ' 53¢
3.5 or higher 55
High Schooi Backgroung

Rank ‘tn High School Class--The students in the sample were re-
quested to report their rank in their high school(class by guartile
(see Questionnaire Item 13). While 24 percent of’the students in’
the sample marked this Ytem as '"unknown," *he largest number ,per-
ceived thsmselves as being “in the second highest guartile; the data
are given in Table 4l. Other research tends to support the findings
reported here.l )

/"72
T‘BLE 41.--Rank in High Sch001 Class as Perceived by 1241 Associate
Degree Enginéering Technology Students. -— -
4 .
Rank in High School Studen;s Reporting Rank : -
Class )
t
; Number -Percentage
Highest Quarter 277" 22 :
Second Quarter g 388" 3
Third Quarter 235 )ﬁ
Lowest Quarter 46 4
Unknown . 295 24
/ i )
‘ lrpid. .7, ’ 12¢ . ' T
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High School Currtculum--The students in the sample were requested
to report the numbter of years of study they had devoted to selected
subject areas in high school (see Questionnaire Item 12). Table'u4?

summarizes the responses.

It is interesting that all students reported some mathematlcs
study in high-school. The level of such high school mathematics
was not investigated but, presumably, the first year represented a
geﬁeral Mathematics" course, the second an "introduction to Algebra."

Moreover, 80 percent of the .students reported three, four, or more

TABLE 42.--Study of High School Subjects as Reported by 1241 Associate
Deqree Engineering-Technology Students.

S E— . e

Fl

Subject Area . Number of @ Number of
Years Students

Mathematic; . 132
‘ ' : 367
630

1241 (100%)

Physics : 59?
5
641 (52%)

Chemistry : 720

(61%)

Drafting

Industrial Arts °

.

Vocational Educa‘jon

'

Technical Education
i)
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years of high school mathematics. Apparently, many of the respondents
interpreted this question to include the junior high school years,
grades 7-9, gince just over 50 percent reported four or more years

]
of study in the grea. )

Slightly more than half of the studerts in the sample reported
haviﬂg studied Physics; more than three-fifths reported having.
studied Chemistry. A close examination of the responses revealed
that 495 students repor'ted stud§ of both Physics anQ\Chebistry, 146
reported Physics only, and 269 reported ChemiB3try only. Thus, 910
students in the senple (73 perceht) reported high'school experience

in a physical science. .
«~

High school ceurses in drafting were reported with appreciable
frequency; 692 students (56 percent of the sample) claimed study
in this area, and nearly half of these reported more than one year
of such study. Coufses-in industrial arts,'vocational education, d
and téchnical education were reportec less frequently, involving
U5 percent, 26 percent, and i6 percent of the samplé?'respectivel}.
Most fréquently, the students whc reported drafting experience also
reported study of these last aregs. Few whc had studied both physics
and.chemistry had also studied industrial arts, vocational educatior,
or technical education sujfjects.
-

Curriculum Choice and Changes ( ¢

-

" {
JDistritbution by Speetialty--Table 43 lists the distribution by
technical specialty or "major" of the students 4included in the sample

(see Questionnaire Item 7). The most popular specialties appear to

TABLE 43.--Distribution by Technical Specfalty of 1241 Stlidents
Enrolled 1n Associate Degree Engineering Technoloay

Cyrricula.
—g —
B v ¥
“ Technical Specialty Area ' Number Qf Students
Electronics ’,' 401
Mechanical 197
Civil ' 177
Drafting - 149
Electrical Power : 67
Architectural 54
Industrial Engineering . 49
Chemical " 19
Aeronautical 17

Other 111




Y

be Electronics Technology, Mechanical Technology, and Civil Technology.
These three curricula account for a total of 775 of the 1241 students
in the sample, or 62 per;ént of the group surveyed. In the table, the
titles for.technical specialty areas are arbitrary descriptive terms,
not necessarily g}act'curriculum titles; for example, all students
reporting their majors as "Civil Technology", "Civil Engineering
Technology", "Highway Technoipgy", "Surveyiné and Mapping Technology",
or the like have been included here in the classification "Civil". /
The cakegory "other" includgz-miscellaneous programs of small reported
frequency, such as "Textile Engineering Technology', "Air Conditioning
Technology", "Electro-mechanical Technology", "Instrumentation", anc

the like. } ’

Trane fer--Approximately 21 percent of this sample of engineering

.

F
techrology students had transfered to the institution they wé€re
attencing~Sron snother college (see Zuesticnnaire Item 6); 266

reported having attended at least one cther college and 3€ repor*ed

naving atrtended two or more cther institutions.

Changees of Major--Students in the sample reported changes cf

major with appreciable frequency (see Questionnaire Item 8); 3ul

(25 percent of the sample) reported one or more changié;:f major

ard 33 reported two or more such changes. Table u4 1i the

revicus majors" that were reported by the students responcding o
this item on the questionnaire; the total rumber of previous majors
reported (371 in the table} exceeds the number of students w}‘had
changec majors (3ulx\pecause those who-reported mcf% than one charge
in major usually reported previous majors ir two or more areas.

P

TABLE 44 . --Preyious Majors Reported by Certain Associate Degree
Engineering Technology-Students who had Changed Majors.

7

g

Previous Major Frequency of Reﬁort

Engineering . 134
Physical Stience or Mathematics 28
Another Engineering Technolégy 69
Liberal Arts 38
Business . J/~—~ 42
Yocational Education . 15
Education ’ 11
Other? 34

? . o}
!

30ther 1nc1»e‘s Fine Arts, Agriculture, Health, Forestry, etc. ‘

-

<

\

D
L AV

~




Students who pad changed majors were asked to give the reasorr
for the change (see Questionnaire Item 9); 289 (nearly 85% of those
who reported changes) responded to this item on the questionnaire.
Their responses are summarized in Table 45. The entries in the
table are mainly paraphrases of the actual responses. A pattern

seemed to emerge, however, 'in which changes in majodr are related

princigally to students' reassessments of their interests and abilities.

A\special analysis was made of the reasons for change given by

students who had changed from a major in engineering, physical science “
or mathematics to one in engineering technology. The 162 students

(see Table u44) in this category often stated that they preferred the
practical to the theoretical, had iost intérest in theoretical courses,
or felt they could not cope academically with theoretical courses;
two-thirds of the responses given by suEh students were of this nature.

Table 46 contains relevant data. .

-

TABLE 45.--Reasons for Changes in Major Reported by Certain Assoc%ate
Degree Engineering Technology Students.

-

Reason for Change Number Reporting
) Reason

Preference for technical (practical) over .
engineering (theoretical) program 20

Loss of interest in previous choice
(e.g., tt was boring, it was not what
I expected) .

Change in career objective

Reasd#essment of ability (e.g., poor
academic performance in first choice)

To enhance spectrum of competencies
(e.g., to obtain a second degree, to
have a double major)

Higher pay anticipated in new area

Economic reasons (eig.. could not afford

a longer curriculum e

Pressures of time (e.g., wanted to finish
college as quickly as possible)

Changed schools, previous major no longer
available

Work experience 1nf1uﬁﬁced change

134)
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TABLE 46.--Reasons Reporfed by Certain Students for a Change in Major
. from Engineering, Mathematics or Physical Science to
— E&ngineering Technology,

L]

’
K

S ‘ N
Rg}§6n for Change Number Reporting
. : Change
. /f
Preference for Practical Program 20
to a Theoretical One
= Loss of Interest in Previous Choice 30 .
Previous Choice Too Rigorous or Too 3] /
Difficult ,
*Change in Career Objective . . 12
<+ Wanted to Finish College in a Short S 10
Time ‘
Other 20

i £

College Choice--The students in the sample were requested to ‘libt
fa®tors which influenced their choice of institution (see Questionnaire
Item 20). The questionnaire item eliciting this information was the
™free response" type, so that most students gave several factors. The
most ff')equently given factors are summarized in Table }&7; "frequency"

-

TABLE 47.--Factors Purported to Have Influenced Assocjate Degree
Engineering Technolqgy Students in Their Se]ectigp of
, . a College. )

‘ —
Factor ' . . Frequency’. \“

7 . * 3
Location of institution 783
Costs (tuition, fees, ekpenses) . 529
Reputagion of institution 408 =~
Recommendations of friends or relatives 254
Institution offered the program desired 97
Recommendations of high school coynselor 17

Only 1nst1tut10q_allow;;9 entry 16

g | ‘ 13;

-

>
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in the table is the total number of times each factor (or its equiv-
alent) was mentioned. In addition to those in the table, a number of
other factors were mentioned, but at fregéencies too low (fewer than
10) to be meaningful; among these wefe responses such as "I was sent.
be my employer", "I was given a scholarship there", "Because the school

was acgredited", and the like.

Career 'and Curriculum Choice—-TﬁE)students in the gsample were
queried on various topics related to their career choice and hence
presumably to the curriculum choice they had made (see Questionnaire
Itéms 16-19. Table 48 summarizes students' respoﬁses to a question
about their ultimate career objective as they now perceived it. As
can be moted from the table, the majority listed technical émploymenF

*

or professional employment as their ultimate goal.

TABLE 48.--Career Objectives Reported by 1241 Associate Degree,
Engigeering Technology Students.

Career Objective Students Reporting Objective
Number Percentage
. N

Technical employment 734 59
Professional empioyment 187 15
Management . 84 7
Operate my own busirdss 83 7
Teaching ) 36 3
Employment not related to education 14 1
Research 13 ° 1
Sales . 9 1
Undecided (or no response) - 81 6

In response to a questign about their confidence in the stability
of their career choices, th‘r

se individuals replied as follows:

326 (26 percent) were "positive" about their choice.

600 (48 percent) were "reasonably certain" about it.

142 (11 percent) were "mod%rately certgin"'ﬁ%out it. _

124 (10 percént) were "not sure” and,indicated that this was a
. .

tentative choice only.

48 (4 percent) did not respond. B

Observations which reasonably follow from these analyses of
A

7‘1 32 " ‘
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career objective and stability of career choice are as follows: (1)
aé§ociate degree engineering technology students appear in substantial
numbers to have matched their personal career objectives well with
avallable educational preparatory programs; and (2) these students,

in general, appear confident and purposefyl in the pursult of their
career goals.

In response to a question related to the time at which their
career (and hence curriculum) choice was made, these students re-
ported as shown in Table 49. It is noteworthy that nearly one-half

reported having made a career choice in high school.

TABLE 49.--Time of Career Decision as Reported by Certain Associate
Degree Engineering Technology Students.

Approximate” Time of Students Reporting
Career Decision

Number Percentage

Prior to junior High School
In Junior High School

In Senior High School

After High School Graduation
and Working for a Period

In College

In Military Service

No Response

' '3

When asked to identify factors which they perceived to have
influenced their career decision, these individuals replied as

~ -

follows:

»
707 Listed '"personal interest"

318 Listed "work experience"

160 Listed "family influence" &

99 Listed "influence of friends"

90 Listed "influence of a high school counselor or teacher"

30 Listed "influence of a professional or college counselor"

51 Listed various miscellaneous factors such as "sgbject

-’ . . S .
matter taken in high school," "possibilfty of a gbéa job,"

etc.
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Many listed 'a combination of\severhl factors; some did not respond

to this questionnaire item. Included in the "personal interest"
category are’such specific comments as "I've always liked to draw,"
"Radio is my hobby,"™ "Machinery interests me," and the like. Military

experience is included, where relevant, undgr "work experience".

Imﬁediate Post-Graduation Plans

-

The students in the sample were asked about their immedia
plans after completion of the program in which they  were
(see Questionnéire Item 15). Table 50 lists the respons their

frequen01es

1
A special analysis was made of those who stated they planned

to contin®e schooling. Of the 399 who made this statement, 387
supplied additional data; those data are displayed in Table 51. The

+ table reveals that the largest proportion of studengg planning

immediate further schooling after receipt of their associate degrees
were‘planning to pursue baccalaureate degrees in engineering tech-
nology; one-half of these students projec%ed such plans; approximately
one-fourth of the grbup indicated a planned engineering program; the
remaining one-fourth projected such digeiplines as business admin-
istration, education, physical science, and industrial management.

A pattern of some importance was suggested by the data and was
\/’

TABLE 50.--Immedfate Post-Graduation Plans Projected by Certain
Associate Degree Engineering Technology Students.

Post-Graduation Plans Students Stating Plan .
. ) .
Number Percentage®
To seek employment? - 671 54
To continue schooling / 399 32
To enter military service 93 7
OtherP, 52 4

No response S : 26 ] 2

‘y

%Includes continuation of present employment for ‘some who were
already employed. <

,blnc1udes employment on full-time basis for some who are now

employed part-time or are attending school under a cooperative
program; alsp. includes some who expect to begin a private business.

CDoes not add to 100% because of round1

]

| 13 J
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TABLE 51'.--Further Schooling Plans of Certain Associate Degree
Engineering Technology Stugents Who Project Plans
for Additional Education Immediately After Receipt
of Their Associate Degrees.

~ Number of Students Planning
Future Study in Various Environments

Projected Future Major

N ; Same Different - Out-0f-State Total
3 Institution Institution, Institutions
‘ Same State and no response

Engineering 18 60 20 98
Engineering Technology 17 144 b 33 194
Other 11 _34 50 95

TOTALS 46 238 103 387

strongly supported by reference to individual questionnaires; the
in- stat%’ex1stence of an 1nst1tut10n offering baccalaureate engi-

neering technology programs greatly influences the tendency of assoc-

iate degree engineering technology students to pursue further education.

A substantial number of the students who Btated plans to pursue g .
baccalaureate degree in engineering technology were students in states
where such programs haa been recently inaugurated; no such. general-
izatioh was possible for gtudents planning further study in engi-
neering or other disciplines. ‘

Student Satisfaction with Programs

-

Students in the sample were requested to express an opinion on
how well they felt their programé of study were providing preparetion ¢
for their chosen careers (see Questionnaiye Item 21). The responses
were predominantly positive: 38 percent of the students felt they
were being "excellently" prepared; 55 percent felt they were being’
"adequately"” prepared; 4 percent felt they were being "inadequately"
prepared; and 3 percent did not respond. The data are shown in l
Table 52. Approximately 93 percent of the sample expressed satis-
faction with their educational experiencei In addition, more than
one-fifth of the students added "free response" comments in their.
evaluation of their programs. ' The mpst.frequent positive comments

were that "the curriculum is excellent" (49 made this or a similar

‘ é
N
.

N
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‘h TAQLE 52.-- Student s_Percept

-
-

PN

oy Well their Associate Degree

Item 22 and the earlier discussion herein);"

N " Engin ering Tech rograms wqre Preparing them for
. J\ ’ Inte? ed’ Careers; A eP g
v, ! e *
= - : T - 3 —
_ . . ‘ Frequency of Response
Rating of Program - -
| . L . Number Pertentage™
. L’ . . ( -
“v  Excellent o 4%7 A 38
- Adequate 681 55 *
Inadequate - . 53 "4
No Response t 40 3 -
» & = R :
statement) or that "the faculty members are excellently qualified” ’

(27 made a statement of this nature); - 88 positive comments wer e .

made. On the other hand, a variety of weaeréses were perceive
by the 182 students who made negative comments. Most frequently,
"the

"there is not enough coverage in mathe L, and

ysics course is
"the

a specific currlculum area was criticized:
weak",
statics course did not prépare me for ’strength were typica;
comments. The second most common criticism was a "lack*of practijcal
Some #tudents also

egistemed dlssatlsfactlon with "irrelevant sub]ects” and "1nsuff1c-

ient® detail 1n certain areas. A number of c,thers expressed the

opinio t their programs were 'too crowded” or "too fast in.pace";
Qthers suggestsd that "two years are not leng enough to cover’ what ° ——ma?
I dhink I need." Miscellaneous comments on faculty members, lab- !
orat'\ry equipment and facilities appegred to a minora‘tent. -
I
A N -
. ) *

- .
. »

Desired Work Environments , . .

e’ A
Students in the sample were asked to efg;ess a preference for
the type of env ) )
These

ments" were compared with the "env1ronment of or1g

nnaire Item 23). preferred future environ-

ironment in which they would work if they had a
choice (see Queet;?m

-~
18", ascertained

as part of the socloeconomlc data on these students (see Questlonnalre
'1116 cases -could be
.qalyzee with the following result{:' ’

3 [4

>a




44l students had come from a'relatively "small™ home
environment (a farm or rural area, a small town, a

large town).

675 students had come from a relatively "large" home
environment (a @mall city, a large e¢ity, a major

* ’ [y

. metropolitan area). . .

. . -
252 (57 percent) of those originating in "small" environments
would preefer a "small" work environment,

189 (43 percent) of those originating in a "smail"

envirormment would prefer a "large" wor® environment.

541 (80 percent) of those originating in a "large"

environment would prefer a "large" work environment. .

134 (20 percent) of those originat/ing in a "lakge"

v
environment would prefer a "small" work environment-

If a "migration by preference”" were to occur, than 730 students in
this'group of 1116 would be working in a "larige" environment'and

only 386 would-be working in a "small" environmept. Such a migration
would repmesent a shift from low~density‘to high-dénsity population
centers of approximately 5 percent of all technically educated
individuals. Although both the number of individuals involved and

" the percentage of population so shifting seem small, the value is

statistically significant well beyond the .00l confidence level,
and indicates strongly that technical education i8 a route toward
%ybanization of the population. This is not an unexpected trend,

but is, nevertheless, one with perhaps serious implicatidns.

*

Summary :
If it is assumed that the sample o£ 241 associate degree engi-
neering technology students included in this study is representative
of the population nationally of such individuals,-then certain general-
izations can be stated.‘These generalizations are given in the

folloWing paragraphs.

Students im associate degree engineering technology cg’ricula
‘are typically males who are 18-21 years old, although an appreciable

number of older students enroll in such curricula

5 - f -

whgdividuals from rural areas and small towns oftern select engi-

neer!hg technology programs; the proportion of engineering technology

* students with such backgrounds is appreCiably greater than their

. represéntation in the population as a whole. Engineering technology

students are more likely to cqse/ﬁrom families with menthly incomes

]

.
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above the national mean, and are likely to have heTSwuhg\were

craftsmen, skilled workers, technicians, supervisors or forepen or

in some manner related to technjcal fields.

3

fThe ineering techrolggy student most probably graduated
from hig}ﬁlool, but is like\ly to have ranked academically ¥n the
second or third quartér of hig class. He is likely to hav7 had four
or more years of high school mathematics and there are thrde chandes
/i) or both)

1n high s;:ggl/ 1&ere is about a 50 percent chance that Q: has ,

studled deafting in high school, but he is less likel® to

in four that he. had a physical scifnce (chemlstry or physi

ave en-

countere 1ndustr1al arts or vocational- teéhnlcal subjects.

a class of\englneerlng technology students, one in five will

shave/ ransfered from another college and one in four will have chfnged
hl&l ajor. (Those transferlng and those changing major are often
SP’
previous selection of those who have changed major §ls engineering,

ps duplicating each other to a great extent.) Most likely, the

.and ‘the reason for the change is likely to be stated as a 1'c:hange in

v

interest" or a "reassessment of academic ability."

The engineering technology student probably mgze his choice of
college on the basis of the 1nst1tut10n s location’ and éosts, although
the reputation of the school had some influenge. He is apt to be

"reasonably certain" that he wants evéntually to enter technical
employment, but he is likely to have made such a career decision
fairly late, either in senior high school or after working for a
period. Hi rsonal interests and work experience were major
factors J&cing his choice.

-

Engineering tedhnolegy students most frequently plan to seek
employment T rece1v1ng their associate degrees, but nearly one-
third plan|to continue schooling, usually to work toward a bacgcalau-
reate degre€ in engineering technﬁlgéy. There are some indications
that the availability within the state of a Baccalaureate technology

program is related to students' plans to pursue further education:
-

Students are Qatlsfled with the preparatlon they. are receiving,

although they nay percelve minor weaknesses.

Engineering- technology education appears to result in urban-
ization of the society,, since students in general express a pre-
ference to work in an env1ronment with a.greater population density

than that from which they came. -
’

2
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CHAPTER 8

i
TENGTREERING TECHNICIANS ON THE JOB:

A STUDY OF ASSOCIATE
*
DEGREE GRADUATES

.
¢

THY® paper i8 the report of a study of a pelected sample of
recent graduates from gesociate degree engineering technology cur-
ricula. It includes analys¥®e of the job titles and salaries assoc-
iated with the firest jobe which the graduates accepted; it summarizes
some data dealing with factors which tnfluenced these graduates in
their original coliqgé‘and dareer decision; and it describes the
employment of these érdduates‘in terms of the frequéncy of performance{J
of certain tasks, Where differences in employmfnt oharad??ristics--
by technical specialty and by geographic region--are identifiable,

such differences are discussed.

Procedure and ‘Sample

a

A questionnaire (see Appendix F) was used to elicit data for
this study of the recent graduates of a55001ate degree englneerlng
technology curricula. ,The chief 1nvest1gator had selected and
visited certain institutions which offer such curricula to seek
participatidz in the study. These institutfons were requested to”

select a repreéentative sample of their graduates of the past 18
months, mail a questionnaire and a return envelope to each member
of the sample, receive the completed and returned questionpaires,

" and forward the eo@pleted questionnaires "to the chief iﬁbestigator.
Individuals were not identified on thé“completed questionnaires, but
some of the participating institutions developed follow=-up procedures
to enhance #he return of 1nstruments from the1r graduates. Summary
and analy51s were the respon51b111ty of the ch}ef investigator; how-
ever, some institutions extracted data dor the1r %wn use before for-
warding the instruments and others supplemented the questionnaire

with additional items. ) . .

ériginaily, 24 institutions were requested to participate in

the study. Two &f thesel however, lacked graduates, having only

recently inaugurated eng ering technolo#y programs; one lacked
a file of addresses of its graduates; and three were not able to
participate for other reasons. Two institutions subm ed recent

data which were comparable to that being requested but whith were

formatted differently. Ultimately, sixteen institutions participated.

124 f-135- !
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More than 700 questionnaires were returned, but not all were

usable; rejections occuyrred if the respondent’was in hool or the
military service, or if his employment cou}d not be czgssed "first
job or first 18 months," t;é category selécted for study. Only 412

questionnaires were finally included. " l
- a

Since the sampling procedure was devel%ped by the participating
institutidns, no direct information related to the representativeness
of the sample is available. Cért.in indirect evidence, however,
supportd an assumption that *he sample reasonably représents the pop-

ulatjon be'ing ;tudle”

- Flrst, the dlstrlbution.by geog;aphic region for these graduates
is"similar to that found for students in a previous study. < Tatle 4i.‘
53 shows these relationships; it can te noted in the table that the
"Percent of Total" columns forgStudents and Graduates differ by rno

more ¢han three percentage points. T .

€y

TABLE 53.--Comparison of D1str1’but1on by Geographic Region of a Sample
of 1241 Students and a Sample of 412 Graduates, Associate
Degree Programs in Engineering Technology.

7 -

~ Students . Graduates
Geographic , <
Region Number Percentage Number Percentage
» of Total of Total
=
Northeast 252 20 / 75 ) 18
Southeast 375 30 130 32
North Central 118 . 10 51 12
South Central ! 241 20 69 17
West 254 20= 87 21
TOTAL 1,241 : L 412 ; -
L]
- .

)
Second, the distribution by tgchnical specialty of tMe grad-
uates in this sample does not differ markedly from that nationally.
Table 54 displays the data. The tabre indicates that graduates in
Civil Engineering Technology-are somewhat over- pepresented in this
‘ ’ »

~ L4
<

4

lSee Chapter 7, herein, and Jesse J. Defore, "Characteristics
of Engineering Technology Students," Engimeering Education, April,
"1971, pp.8ul-u6,

O . : - 1'1_[
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TABLEA54.--Comparisoﬁ of Distribution by Technical Specialty of a Sample
of 412 Graduates and a National Sample of 18,808 Graduates,
Engineering Technology Gurricula. -~

L - S
Degrees Granted, 19692 Graduates in Sample

Numbe™ Percent of Number Percent of
Total P Total

Technical Specialty

Civil 1,747 . 64 - 15
Electrical 8,251 139 34
Mechanical 3,315 91 22
Other . 5,495 118 ’ 29
’ TOTAL ‘ 18,808 412

¥

)

7

4pata from John D. Alden, "Technology Degrees, 1968-69," Exgireering
Educaticn, January, 1970, see Table 2, p.411.

many electrizal/elec

Ard third, certain detailed findings
be discussed in a later c=ection cf this
» results of an inde,endent s.rvey cond

Ingineering Manpower Commissicn
: .

Aralysis of Pesults

.

’
. 2 IR . » : N
The responses ®o items on the questionnaire are reported and

aralyze< in the following sections of this report.

In the analysis of the data, summary statistics were computec
to describe the characteristics of these’'graduates and their employ~
ment. In addition, the data were examined for intermal wvariances

which might be atftri utable to either (1) the geographic regicn in

which the partic¥Pating institution was located, or (2) +he technical
spe%ialty'of‘the curriculum the graduate had completed. TFor conveh-

ience, five geographic regions were arbitrarily selected: Northeast,

142
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Southeast, North Central, South Central, and West. These are indicated

roughly on Figure 11. A preliminary investigation revealed that 15
different technical specialties were reported by the respondents, but
that three--electrical/electronics, mechanical, civil--accounted for
more than two-thirds of the sample. Other technical SJ;Eialties ’
aeronautical technology, computer technology, and the like) appeared
with individual frequencies too small for meaningful analysisj so
were combined into a single category, "other." Therefo}e, four techg
nical specialties only were employed. Data on the Graduates were
appropriately assigned to twenty cells (five '"region" categories,
four "Yechnical specialty" categories) for aralysis purposes. Figure
. 12 shows thé resulting "N-matrixd i.e., number of\graduates assigned

to the various cells. The analyses in subseguent sections are based

;

(drafting and design, chemical technology, air condltlonlng technolog%g

on this matrix, with adjustments for ron-responients when rnecessary. g

/

FIGURE 11.--Geographic Regions
Selected for Study of a
Sample of 412 Graduates of
Associaté Degree Engineering
Technology Programs -

FIGURE 12.--Distribytion by Region a
by Technical Specialty of a Sample

Engineering Technology Programs.

nd

of 412 Graduates of Associate Degree

Technical heg1on
Spechalty &
. 1 2 3 47 5 U.s.
Civil 2 41 - B 64
lectrical | 24 33 13 - 38 38 31 139
Mechanical 116 32 12 14 17 91
Other 33 24 26 13 22 ‘118
TOTAL 75 130 <51 63 87 412
Fegion .
™ 1, Northeast
. 2{ Southeast 4 -
3 North Central
. 4 ' South Central
5 West
: C
) ~
‘)
113
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Job Title '
. Job Title « /

Item 1 of the questionnaire elicited the job title currently
held'by the graduates; 378 of the 412 respondents reported this
informatiorA The tefm "technician,"” with or without a mddifier,
apﬁ%ared most often. Table 5§55 gives a summary of the results, and

- Table 56 lists some examples of specific titles in various categories.
The numbers in parentheses in the body of Table 56 represént the
frequency with which a specific title appear®d in the data considered

‘ .

here,
3

n addition to the examples listed in Table 56, graduates re-
+& wide variety of other job titles, including the following:
ical technician, quality control techniciar, technical ill-.
, ejuipment designer, traffic engineer, resident englneer,
a . . - N . .
er, testlng aralyst, toolmaﬁgjﬁ/estlmator, teacher,
allurgical investigator, and grogrammer.

Few inferences can fSe drawn from these results, Trhat £2 -ob

£ 378 (abour 1€ percent cf this sample) includec the
ineer" may be disturbing to some, but emplcyers apparently
essarily assign job vitles which match the educationa.

s of their employees as perceived by educators.
4

TABLE 55.--Job Titles Reported By 378 Graduates of Associate Degree
‘Engipeering Technology Programs.

Cateéory Number of-Graduates Key Word in Job Title

-

r—

108 ° Technician <

70 Aide, Assistant, Associate -
62 . Engineer

46 Draftsman

19 ’ Mechanic, Electrician, etc.
}2 ’ Manager, Supervisor, etc.
9

y

Designer

Analyst

Technologist
29 . Other

378

T OMMOOm ™
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TABLE 56.--Example bf Job Titles Held by Graduates of \Associate Degree
Engineering Technology Programs.

-+

A. Techniagan . * D. Drafteman
Engineering Technician 227) Draftsman (19)
E1€ctronics Technician (28) Design Draftsman (8)

Civil Technician (5) Senior Draftsman (2)

Instrument Teghnician (5 . Architectural Draftsman,(2)
Laboratory Technician (5
Technician (6) ' }

B. 4Aide, Assistant, Associate E. Mechanic, Electrician, ete.

Engineering Associate (18)
Engineering Aide~(15)
Engineering Assistant (9)

Mechanic (4)
Aircraft Mechanic (3)
Electrician (6)

Associate Enginéer (5)" Maintenance Mechanig (1)
Assistant Engineer (7) . .
. Staff Assistant (4)

L

Manager, Superviesor, etec.

Project Manager (2)

Service Manager (3)
tonstruction Supervisor (1)
Operations Supervisor (1)
Foreman (3)

Plant Superintendent (1)

C. Engineer . F.

Project Engineer (12)

Field Engineer (9) )

Sales Engineer (8) ‘

Cugtomer Engineer (3)
’ Jug§qr Engineer (3)

4

Mean Salary - :
Graduates were reques%ed to report their monthly salaries
(questionnadre items 6 and 7). /Df the 412 graduates in the sample /S

409 repoqred data. Figure 13 shows the distribution of data as
reported.” The meaq@ﬁalary was estimated to be $€88 per ponth for
graduates who were in their first job or had been working for 1§

months or less.

-

An effort was made to discover if differences existed, by
gfographic region or by»technical sp%cialty, in the salaries paid
to associate degree engineering_technology graduates. Table &7
shows the salary data for this sample. There are few statistically
significant differences in these reported salaries, for the differ-
ence must exceed $35 to be siénificant here at the .05 conficdence

level. Thosercells which do exhibit statistically significant

\ differences are marked with an asterisk. The cells which have the

L 145
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FIGURE 13.--Distribution of Salar}es Reported by 409 Graduates of
Associate Degree Engineeriqg Technology Programs.

W

150

100

Number Reporting .

om
[en]

e

Under $501- $601- $701-° $80%- $1001- Over
$500 $600  $700 $800  $1000 $1200 $1200

Monthly Salary Range

TABLE 57.--Monthly Salaries Reported by 409 Graduates of Associate Degree
Engineering Technology Programs, by Technical Specialty and

by Region. i
- . . °  Region
Technical Specialty
1 2 3 4 5 us i

Civil = 525* 642* - 788* 646 665
Electrical 694 720 770* 714 690 706
_ Mechanical 721 6777 770* 692 666 696
Other 670 686 678 705 625* 67¢2
TOTAL 676 686 723% 712 657 688

r1
L4

greatest deviation from the data mean are those of low N (see figure
12); in these cases, sampling error alone could account for most of

'

the variation.

) ) Althouglthey are relatively small, certéin‘of the variances
(J among these salary data suggest quéstions.'

(1) Salaries in the western region appear slightly lower than

elsewhere. Can this be a reflection of the large number

115 .
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of junior colleges, on the west coast and‘a’concommitant
larger "supply" of technical manpewer there?

- i : . . v :
(2) Civil technlclans appear to command slightly lower salaries
' (except in the Sduth Central reglon) Does this reflect
the pay scales of state highway departments, often the

civil technician's first employer?

(3) Salariesuin the North Central region appear somewhdé higher
than in other areas Does this represent hlgh manpower
"demand," occasioned by a paucity of technical programs
in that region? Or is th1s slightly higher salary a -

<

reflection of the general economic, and industrial conditions

in this region? .

The mean merthly salary ($688) reported in,1970 by this sample '
~of 409 graduates is equivalent to about $8260 per year. This figure
“may be compared to data obtained by the Engineering Manﬁbwer Commission

slightly earlier in 1969.1 EMC reported, for 1143 technicians who
had been on the job two years, a medn annual salary of $7650 and an
upper quartile salary of $8250. Thﬁt the mean salary reported here
($8260) is 8 percent higher than the mean reported by EMC ($7650)

may be related to several factors (1) a bias of this sample creatéd
in the selection of partlclpatlng 1nst1tut10ns, (2) a bias created by
the respondents (those with’ higher salaries tend to respond in a
greater proportion to questions.ahout salary); (3) general increases
ip salary levels between 1969 and 1970; and (4) sampling érror. That
these sets Of results are in reasonable agreement lends support to
the assumption of sample validity.

Age
Graduates’' reported their age (Questiohnaire Item 8). The distri-

bution of ages as reported is shown in Figure 14, for the 412 graduates
in the sample. The mean age is estimated to be slightly less than
25 years, the median, 24 years. In previous research (see the re- - -
sults reported in Chapter 7), the most frequently reported age of
students in associate degree engineering technology programs was

. found to be 19-20 years. Assuming two years as the duration of a;

as8001ate degree program, students can be predlcted to graduate at

20 22 years of age, and to be initially employed (i.e., first job or -

W " ) (
1

A ' Salariee of Engineering Technicians, 1969, The Council, March, 1970.
See salary data’ p.19, for "Graduate Technicians, Associate Degree,
Entire U.S. '

o | . 1 . P

A
2

Eng*neering Manpower Commission of the -Engineers Joint Council,
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FIGURE 14.--Distribution of Ages Reporited by a Sample of 412 -Graduates
of Associate Degree Engineering Technology Programs.
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firpt 18 months after graduation) at 28-24 years of age, with 23

vea teing the predictablé mean. That the results here show a mean
age s éghtly higner than the predictable mean may imply one or more
of the following: (a) there was a different pattern of attendance

by age groups two years ago than that which prevails cyrggntly; (b)
the mean age ofagraduates is higher than e predictable mean age
because of interim military service; (c) the presence in this sample
of a few men 35-50 years old has biased the results; or (d) an
apprec1able number of studen{s whe ;ttended part-time, and hence
required more than the predlctable %wo years to graduate, have /

affected the results. f
4

"The' distribution of graduatesf ages by region and by technical
ecialty is shown in Table 58, wﬁere cells with statistically sign-'

tht differences are marked wlfh an asterisk. The table reveals

that technicians in Region 1 (the;Northeast) are younger than thelr

counterparts elsewhere in the coqntry
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TABLE 58.--Distribution by Region and by Technical Specialty of the .
s Ages (Means) of 412 Graduates of Associate Degree Engineering
Technology Programs.

) \
3
L
; . . Region
Technical
Spectalty 1 2 3 4 5 us
‘c1vn‘ . 22 24 - 25 25 24
‘Electrical 23* 27 - 25 27 27 26
Mechanical 22* 24 24 25 25 24
Other 22* 27 .24 23 23 24
" TOTAL - 22* 25 24 26 . 24 25

. ‘ ) /

Educational Experiences Since
Graduation

N

Grjduates reported on the educational or training experiences
they had completed since graduation or in which they were engaged‘ﬁ

at the time of résponse (Questionnaire Items 9 and 10). Summary

results are given'in Table 59. Many respondents listea more than
one kind of further education experience, so that total frequency

in Table 59 is gréater than the size of the sample,
- ~

It can be noted that in-sepvice or on-the-job traiﬁiﬁg was
given by the employers of approximately two-thirds of these graduates,

TABLE 59.--Educational and Traini Experiences Since Graduation Reported
by a Sample of 412 Graduates of Associate NDegree Engineering
~ Technolggy Programs. \

P

N 4
J] N
l ) ' - Frequency of Response
Kind of Experience Number Percentage
In-service or on-the-job training . ‘ ~
provided by the employer oo 268 65'
Courses in public or private schools
arranged for and paid for by the 57 14
employer . . s
Courses in public or private schools ' . ‘~
selected by employee but paid for-- 82 20 - .
wholly or in part<-by the employer L )
Courses in public or.private schools 91 22, "
at the employee's choice and expense - i

©

¢
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‘.and. about.l out of 7 gradua&es attended courses which %Sse arranged
for and paid Jfor E& their eJﬁloyers. No pattern of differences by
. . regiorf or disaipline were apparenty when the raw data were analyzed
in detail. ' ‘

] A ~

Approximately<20 percent of these graduates aftended courses
paid fer, at least in part, by their employers; detailed analysis
indicated that this fringe bevr{efit was, somewhat less available to

. civil technology graduates and to graduates from institutions in
the West. ST . 4
. "Slightly more thanyl in 5 of the graduates reported attending
R =

school @&t their own expenge; no differences by region or specialty

.

were ent.

~

. It is interesting to examine the total freqﬁency of the two
middle items in Table 59; this corbislation represents the frequency%
‘a f with which employers of technicians had made-some contrib’u;cion to the
furthe a‘cion of their employees.c Approximately 34 percent of
‘. the teéﬁ‘l ns in this Samp¥® reported such to be the case, although
it was noticeably less so forr Civil technicians when data for the ‘

. graggiates were examined se’parately. ¢

The grad\’%ates were also asked to state the purpose of any
further educational or training expiriences they had under@ne sinte
graduation. A summary-of the responses ¥s—given in Table 60. Many

graduates, of course, made multiple‘*responses.

Approximately one-third of the graduates in the sample recédived
o orientation and instruction in companyepolicy; slightly more than .
v\‘ . , *
TABLE 60.--Purposes of Further Education Reported by 4)g Graduates of
Associate Deqree Engineering Technology Programs.
= n - %
.o . . Frequency of Response
o . Purpose” of Education or Training Number 4 Percentage
- . . . P

Oritntation and instruction _ in co'mpany policy, 143 35

Acqalring knawledge directly needed on job 222 ) .54

Acq®®ring skills directly needed on job ( 145 35

. Prepar‘jon for advancement to a higher * 122 . 30

¢ position o . )
Expectation of seeking another position . 33 8
and employer i
Self-improvement only 64 16
- A 1
[} \
™~

ERIC
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véne-half required ﬁuq}her knowiedge directly negeded on ther job; and
~about one-third needed additional skills for tﬁeir jobs. Thé Civil
‘techﬁology graduates in” the sample reported the purpose of acgfiiring
skill less ffequently than others; apparently the skills they need
for the first job (surugying, drafting, etc.) are well covered in
their associate degree programs. Graduates in the North Central
region tended 'ta report the purpose of skill acquisition more
freqdehtly than other graduates; one c5n~conjecture that the nature

of the school enviromment and the work environment may match less

*

well in this region than in others.

About 30 percent of the graduates reported they had pursued

further educaticnal experiences in order to prepare for a higher

positdon; 8 percent repgsted the expectation of chamging both their

employer and their job: Thess.results imply the existence{of both

a potential fqr fairly rapid omotion to positions beyohd'those
available for entry and a quarkéb%y stable technical work force

for the first 18#months .of .employment. -

One graduate in six reported further education for personal
imﬁrovement pgpposés only. This statistic raises several questions:
Does -such continued study represent a desire on the part of associate
degree graduates to segk the higher status that an added degree might
bring? Dpes it perhaps merely reflect an enthusiasm for learning
acquired during the process of acquiring the associate degree? -How
well is this statistic (16 percent of associate degree graduates)

a measure of the national "continuing education" market? Or is this

responseé a convenient one to disguise other motivations? No answers

are available, and further research is indigated. - &

Career Deqistons > .
LA

Graduates were asked to respond to a question related to the

tifie of their career decisions (Questionnaire Item 11). Tables 61
and 62 display summaries of the responses, with distributions by
technical specialty and by region. . Entries in the tables are the
percentages i graduates df each category which g;ve the indicated
fespéqse; entries Mo not add to 100 percent because some graduates
did not respond. The entries in th& table suggest (1) that civil
technolagy graduates perhaps were more likely to have made career
decisions in high school, whereas graduates frgm most curricula
delayed that decision until they were in college, and (2) that

studeﬁ%s in the northeast region were more likely to have made -~

s

”
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TABLE 61.--Time of Career Decision Reported by 412 Graduates of Associate
Degree Engineering Technoldgy Programs, Showing Percentage
Distribution by Technical' Specialty.

?

4

, Time of Career Decision
Technical

* Specialty ’ ]
Before During . While in While
High School High School College Employed
Civil -3 44 30 20
Electrical 8 24 40 21
Mechanical g 21 54 11
Other 5 36 43 12
TOTAL 6 30 L) 16

TABLE 62.--Time of Career Decision RéporY€3~57“112 Graduates of Associate
Degree Engineering Technology!Programs, Showing Percentages
Distribution by Geographic Region of United States.

Time of Career Decision

s Geographic - -
Regio )
gron Before During While in  While
High School High Sghool College Employed
Northeast 4 47 31 11
Southeast 3 37 42 14
North Central 9 16 59 16
South Central 7 23 35 7 25
’ West 8 16 47 22
TOTAL U.S. [ 30 4?2 16
early career decisions. It is interesting that fewkgraduates, ”

only 6 percent of the samble, reported having made career decisions

before their high school years. .

Factors of Influence

Graduates were asked what factors thhy perceived as having
influenced their career decisions (QuesStionnaire Item 12). A
Summary of .responses is shown in Table 63. Some graduates listed

several fqétors, so the sum of percentages in the table exteeds

‘ (Y v K
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TABLE '63.--Factors Cited as Having Influenced the Career Decisions.
i of 412 Graduates of Associate Degree Eng1neer1ng Technology

Programs.
X

Percentage of Graduates

» Factor
- Citing Factor?
o ) -» N .
Influenced by father or other members of 20
family in similar occupations ,
Influenced by someone, other than a relative, .
in the occupation 32
- Influenced by a high schoo] teacher or 15
ccunse1or . . ; !
Deve]oped an interest while in #other job “~— 24 1
Developed an interest from articles and ' 11
advertisements in newspapers, other media
Other {(military service, etc.) B

L]
1

aTotal exceeds 100 percent because of multiple responses by some graduates.
L ]

4

100 percent. Itimay be important that approximately one-ﬂalf of
these graduated listed the influence of some person (relative or
non-relative) in the same or q‘similar occupation as having affected
their career decision; the influence of high school teachers or

counselors was cited appreciably less often.

These grafuates were also asked what factors had influenced them
in their choice of institution (Questionnaire Item 13). Table 6u
shows a summary of the responses. As shown in the table, factors of
"location" and "cost" were mentioned much more often than any others;
it is interesting- that "ihformation from friends" was cited more
- frequently than "advice from.parents" or "advice from high school
counselor." The responses from this sample of graauates were some-
what similar to the responses from a sample of students studied pre-
viously. Table 65 shows the relationshi between the twc sets of
data. A possible inference to be drawn ii}‘LEEE}e ‘65 is that students
currently enrolled in associate degree engineering technolo ’ -
ricula were, in selecting a college, even less influenced by other
persons than ér° their immediate predecessors. The implication for.

guidance is that information on schools should reach directly the

students to be recruited. Arn alternative inference is that location
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TABLE 64.--Factors Cited as Having Influenced the College Choi'ces of
412 Graduates of Associate-Degree Engineering Technology

Programs.
Percentage of Graduates )
Factor . Citing Factora
[ 4 s

Location 63
Costs © 42
Advice from Parents 10
Advice from high school counselor 21 -
Information from friends : 32
Publijcations of Institution®. 32
Other 11

#

@Total exceeds 100 percent because of multiple responses.
S

TABLE 65. --Compar1son of College-Choice Influences, Recent Graduates
«» and Current Students, Associate Degree Engineering Technology.

Programs .
. .
Factor Influencing ' Percentage Citing Factor
College Choice Graduates Students?b
- M 5
Location 63 63
Costs . 42 43
Influence of parents, 3] ?
Teachers, etc. L
Influence of friends 32 19

Other _ . 43 45

]

rd
®Totals exceed 100 percent because ot multiple responses.
PAdapted from Table 47, chapter 7, herein.
N

and costs have become such major considerations in choice of a college

that other'factors have assumed relatively unimportant roles.

]

Satisfaction with Edudation

" AN

The graduates in this saﬂ%le were asked their cpinions about
how well their educational experience had prepared them for their
first employm?t (Questionnaire Item 14). The responses, by tech-
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nical specialty of the graduates are shmmarized in Table 66, where
entries are the percentéges of graduates of each categofy giving

the indicated responses. As can be noted in the table, few (only

5 percent of the sample) perceiQed themselves as "inadequately"
prepared for their first employmegt. About 42 percent of the gample
stated they were "execellently"™ prepared for their first job, the
remainder (slightly more than hd1f) rating their preparation as
adequate. Civil technicians, as a group, were the most enthusiastic,
nearly two-thirds rating their programs as excellent; mechanical
technicians gave slightly leéé positive ratings than the other groups.
If the percentages for "excellent" and "adequate" are combined, then
about 94 percent of all graduates had judged'tﬁeir educational

experiences tp be adequate or befter for their first job.

An analysis of these responses by geographic region was also
made, but nc significant differences in response pattern were

detected. :
- Y TABLE 66.--Perceptions of 412 Graduates of Associate Degree Engin¥ering
Techhology Programs on the Adequacy of their Education

~€

=

Technical Specialty ~ Percentage\gf Graduates Givinq Rating

. Exeellent Adequate Inadequate No Response

Civil . 64% 33%

0% 3%
Electrical » 39 58 3 ' 0
Mechanical : ~ 41 4 49 - 8 ]
Other 33 58 8 . 1
. ~ JO0TAL 423 . 52% 13 TF
< ] "
°Y ,ﬂ

e

Job Activities 6f Graduates
-

Item 15 of the buestionnaire sought to elicit data from which

an analysis of technician's job activities might be made in terms

of the frequency of perforhance of certain tasks. ¢he tasks considered
were defined on the questionnaire imstrument itself (see Appendix F).
Respondents marked\the frequency with which they performed each task

as "About once per month," "About once per week," or "Daily cr nearly

ERIC
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so."l Only 299 of the 412 graduates in the Jdriginal sample completed
this item satisfactorily; thus, a sub-sample ¢f 238 graduates, dis-
tributed by technical specialty and by region as indicated in the

N-matrix of* Figure 15, formed the data base for the analyses which

*

FIGURE 15.--Distribution by Region and by Technical Specialty
of a Sub-Sample of 299 Graduates of Associate Degree
Engineering Technology Programs.

appear in this section,

Region
Technical 9 -
Specialty ] 2 3, 4 5 . U.S.
¢ I
v — - !
Civil - 20 -] 3 10+ 33
Electrical 23 14 12 40 22 1N
Mechanical 12 18 7 12 12 7 61
Other 30 14 23 121 15 © 94
d
~ | ToraL 65 | 66 | 42 | 67 L 59  299. .
1 -
Pecucticn of data for this iten 1nvelvel the fcliocwing sters
- . ’
(1) asszigrning raw Zata =Tc the aprropriate cells as impliec
L3
ty the N-Matrix of Figuire 15,

(&) Tallying zy cell *he "mcnitnly,: "weexly" anc "caily"

rerformance rate freq.uencies wnicn were regcrtec,
’

(3) zorpating "weignted tasx scores'" for each cell by
evai.ating the montrnly, weekiy and caiiy perfcrmances
respectively at cne, three and five times “reir freg-
.ernces ant then summing these res.l=<s,

(v) civicing tre welgntec task sccres frog step (3) zy
*he corresgonding cell sizes *o ob*ain a "tasx b
performance index'y

(5) assigning each task arnd its val.e cof tass performance
index to a "task Zluster" (see Tatle 67 for a listing

4 of tasks by cluster);

‘o

iy

lperformance frequency categcries of "Never" and "Less than
once per month" also appeared; the responses "ir these categcries,
however, proved t’t to contribute toc the results and hence were nct
used in the analysis. In addition, estimates of time spent per
week on each task were requested; these responses were alsc rejected
from the analysis because of irternal inconsistercies :n most of
the questionnaires retunned.
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TABLE 67.--Tasks and Task Clusters Associated with the Job? Held by Engineering

Technicians, as Adopted for a Job Activity Prof

le Ana1y31s

Task Cluster / Task?
1. Design Related Tasks Analysis :
. Derivation
Desi

Desfgn Assistance

2. Development Related Tasks

4

AR

guilding Things
Data Recording

‘Instrumentation

Experimentation

Evaluation

Recommending Modifications
Performance Testing
Materials Testing
Reliability

3. Drafting RelTated Tasks

Check Drawings

Drafting, design
Drafting, detail
Drafting, layout

L

4. Geodosy Related Task:

Mapping
Surveying, Instrument Man 4
Surveying, Rod Man®

5. Supervision Related Tasks

‘Communications

Coordination b
Expediting

Planning and Schedu]1ng
Supervision

Training

Writing Change Notices
Writing Standard Practices

6. Process Related Tasks

Manufacturing

Process 'Control

Inspection, Quality Control
Methods, Quality Control
Methods, Production

Plant Layout

7. Equipment Re[ated Tasks

NOOEBEWN— OV BWN ] NN EWRNT W — B wWN — VOB WRN — B RN —

Operating g
Installation .

Calibration and Adjustment:
Inspection, Maintenance
Troubleshooting ‘
Repair

Modificatien

B. Cost-Sales ReTated Tasks

2 -

¢

—

-

Cost Estimating .
Quantity Estimating
Writing Spec1f1cat1ons
Purchasing

Writing Proposa]s
Marketing and Sales
Customer Serv1ce

3. Reporting Tasks

Verbal Reports
Writing Reports ,

10. OQther

rl

WM~ N~ DN

Company Training
Programming
Technicdl Publications

3 B
r|<1(WFor definitions of tasks,’
’m‘ :m 2 -

see Appendix F
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4 4
(8) computing the mean of the values of the task perfor-

mance indices for the tasks within' each task cluster;
-]

(7) plotting all the values of task performance index
‘from step (5) and task cluster mean from step (€) to

obtain a "job activity profile"; and

(8) comparing the resulting diagrams for ?ach cell in an-
effort to detect any differences in job activity
profiles which could be reldted to the technical

specialty or the geographic region of the graduates.

The data are presented in Table 687 a discussion of some of the nesults

follows:

]
Job Activity Profilee.--Figures 1%,
.
profiles ty technical specialty
curricuia ir civil, electrical

technoicgy, respectively;
r )
o

all other curricula and

a4

R

-

FIGURE 16.-- Job Activity Profile for Civil Engineering Technicians
in Entry Level Jobs
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Specialty and B{ Region for

Entry Level Jobs

Associate Degree Technicians in

TABLE 68.--Task Performance Index Yalues by
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vertlcal lines for each of 53 "tasks" - (deflnltlons in Appendix F) in
dlfferent "task clusters” (definition supra, Table 67); in addition,
task cluster means are shown on each figure. The resulting profiles
indicate the relative frequency of performance of certain tasks by
engineering technicia'b of various kinds in entry level jobs. These
profiles give some insights into the manpower utilization practices
of emplw®yérs, predict the job activities Which newly graduated tech-
nicians may expect, and have some implications for educators. Some
caution in interpretation is upged: the task performance index is
only a quéntitative measure, not a qualitative one; it may well be
true trat certain tasks performed very infrequently are the most im-

portant ores in a techrician's job descriptiorn and the il qua non

cf ris emplcyment. These profiles, however, have important and usee-
f.1 descriptive valie within the limits notef.

vteervaticng on Frofiles.--Examination &f Figures 1€ througn 20
/ellc certaln cbservations about the characteristics of tre enIry
-€vel joIs which varicus kinds of technicians have. Civil technicians,

- FIGURE 17<-~Job Activity Profile for Electrical/Electronics
Engineering Technicians in Entry Level Jobs
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example, show a high profile in drafting-related, %eodosy-pelated
]

reporting tasks with limited activity directed towgrd tasks in

process-related

cluster.* Electrical/electronics téchnicians, on

other hand have a high proflle in equipment- related tasks, a mod-

erately low profile in most areas, and—-predlctably--a Zero profile

in geodosy-related tasks. Mechanical technlclans have q high profile
in drafting-relatqd and design related task clusters, mdderately
high profiles in supervision-related and equlpment related tasks,
The

Figure 19, consists of a variety ff technlc1ans--aeronautlcal %1r

and a zero profile in geodosy-related tasks. other* group,
conditioning, bulldlng construction, chemlcal draftlng: Env1ronmental
etc.--with a dlver51f1ed employment; hence, it is to be eXpected that
the identifying characteristics of employment of such a gﬁoup wceuld
become blurred unless such characteristics were common to khe employ-
\ ment of most members of the group. Indeed, only the dnafting—felated

tasks appear with a high profile.

il
Figure 20, which is the composite profile for the entire sample,
serves to indicate the relative frequencies with which a vafiety of

N

« . * L ) (O .

FIGURE 18. --Job Activity Profile for Méchanical
Technicians in Entry Level Jobs.
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FIGURE 19, --Job Agtivity Profile for Engineering Technicians Other
Than Civil, Electrical/Electronics, or Mechanical in
Entry Level Jobs
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FIGURE 20. --Composite Job Activity Profile for a Mixed Sample of
299 Engineering Technicians in Entry Level Jobs.
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J ’ » ,
tasks are p ormed by technicians of all types. For example, g%e -

’ ° low task pejgiggiggngndex for the geodosy-related cluster implies ' -
that theag is only a small proportion of the total population of ’ )
associate ‘degree technicians engaged frequently in mapping or survey-
ing operations. It is interesting to note that the "reporting" ’

cluster (i.e., verbal reports, writing reports) has the highest value

of task performance index on this diagram; evidently, goesponsibilities

O for reporting are common to most technician jobs. A

.

Emphasie on Specific Taesks.--The entry level jobs of technicians
of 3§§iﬁus,types seem to be characterized by frequeéent performance of
certain specific tasks. The most frequently performed tasks are h

usually,{though not always, associated with ﬁask‘élusters having high A
+ cluster means. Table 69 lists relevant data for civil, electrical’
electronics, and mechanical technicians. 1In the table, the tén tasks -
of highest task performance index are listed in rank order; where the
task has a high index {t is marked with a double asterisk, and a
- single asterisk is used where the index is moderately high.l These
lists of frejuently performed tasks indicate in a general way the
~ major focus of the job activities of the three kinds of technicians )
' considered. The civil technician, for example, is often on a surveying
team, and has considerable responsibility for supervising the work
Al of others; he also is often found working at the Qrawing bogrd, ' )
designing, assisting to design, or doing layout work. The electrical/
electrorics technician is principally a troubleshooter; he identifies
problems with equipment,.calibrates and adjusts, repairs, tests and
does analysis. The mechanical technician is seemingly used gbroadly,
in design, analysis, coord&nation, drafting, reporting; data‘recording,

a building models or prototypes.

Regional Differences.--The job activities of t;chnicians show
ome{intra-Specialty differences by geographic region. Table 70
indicates in broad fashion some of the major q}fferénces, in terms
of the relative frequency of performance of certain task clusters;
this table has been constructed from the detailed data of Table 67.

From Table 70 the following interpretations can be made.

- Civil Technicians: T job activities of civil technicians
employed iIn the Scutheast gion of the United States apparently
are more characterized by supervisory responsibilities (com-

« munications, coordination, planning and scheduling, supervising,

. .

.
y -

Iror the analysis here, task performance indices were rated
b as follows: under 0.6, "low;" 0.7-1.6, "moderately low;" 1.7-2.Gy
"moderately highj" 2.7 and above, "high".

N
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TABLE 69.--Ten Most Frequently Performed Tasks: CiviT;vElectrica]/E]eetronics, and
Mechanical Techn1c1ansa . -

$
b -

°

d ; Tasks, by Technical §pecia1ty of Technician . : .
Rank Order :
of Frequency Givil . , Electrical/Electronics Mechanical
o
1 **Surveying, Inst. Man **Troubleshooting . *Design :
2 *+*Coordination *Calibration and 5gdﬁ?kment *Analysis
3 "**Sypervising *Repair : ' . 1 *Coordination
4 *Design Drafting /9 *Performance Testing *Check Drawings‘
?5 *Layout Drafting- L " *Analysis ’ . *Detail Drafting
6 & Besign Assistance *Building Thiﬁgs ’ . *Verbal Reports
7 C:B_ *Check Drawings Data Recordirg 8 ata Recoﬁding
8 *Inspectwn, Qual. Control a Operatin—g &s'ﬁgn Drafting
9 jQuantity Estimating Check Drawing‘ Y {*Building Things
10 Verbal Reports #Troubleshooting

*Detail Drafting

Fa »- e £

- . L]

-
Aqfntries marked with a double asterisk (**) are task$ with a "high" task performapce
i X; entries marked with-a single aster1sk (*) have a "moderately high" index.
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etc.) than in the west.

Electrical/Electronics Technicians: 'The general charact-
eristics of the job activities oF electrical/electronics teth-
nicians are similar throughout the United States; in the north-
east, however, such technicians perform equipment-related tasks
appreciably less frequently and are slightly more associated
with design-related tasks,,

] PR @
Mechanical Technicians: Job'activities of mechanical °
technicians yn the Southeast reflect 4 relationship with cost-
sales activities which is not characteristic in ether regions. N\
Mechanical technicians in the North Central region are atyfpical
of the group as a whole: their job activity profjles are higher
in .development-related and process-related tasks, '‘and considerably
lower in the drafting-related and equipment related clusters,

Other Technicians: P chnicians other than those in
eivil, eléctrical/electroni or mechanical specialties, the
regional differences are minor:-in the sautheast, these tech-
nicians are more associated with cost-sales activities; in the
West, .such technicians apparently have lesser association with
reporting-related and with equipment-related activities.

.

Summarz >

Graduates of associate degree curricula in engineering technology

.

responded to a questionnaire designed to elicit information related
to job titles, salaries, continuing educatiof, factors which had in-
fluenced coilege-choice, and job activities. Moﬁgithan‘HOO usable
responses, rebresentative of the graduates of 16 institutions in

all parts of the country, were subjected to analysis. _The graduates
included were men i@ their first‘job (6r first 18 mon{gs) since

»

. .
+ graduation. :

Job titles most often included the word,”téchnician;" modified
or unmod%fied; nearly 30 percent of the titles reported were ofsthig
gort. Job titles containing the nouns "aide,” "assistant" or
"associate” appeared with appreciable frequency, as ‘id titles in-

3 " S "
ciudlng the: noun "engineer. g . . '
Salaries, .as reported by the graduates, had a mean value of
$688 per month. Civil engineering technicians appear to command
glightly lqwer sala?ies thaj other kinds”of technicians, an? salarie3
of technicians in the westefn region of +he country appear to lag
salaries in other regions. Technicians in the North Central region
reported slightly higher salaries than the national average. Com=-
parisons of mean salaries by technical specialty and by region in

% . N
noO case4 however; revealed a gross variation.

The technicians in this sample had a mean age of ﬁearly 25 years,
slightly more than the predictable mean; technicians in the northeast

region appeared to be somewhat younger in the mean.

AThe paktern of responses suggests that participation in on-the-
job and in-servige training is a fairly-iommon experience among newly-

6 &
N 2
o

»~
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‘hired technicians, for about two-thirds of the graduates in the sample

reported such experiences. Moreover, 34 percent of the graduetes
reported attending school and having the costs of such education sub-
sidized, wholly or in part, by their employers. The reasons most
a‘gen_cited for such schooling--other than thgse of orientation. and

" instruction in company policy--were to gain knowledge or skills dir-

ectly needed on the job (over 80% of the cases) or to prepare for

agvancement to a higher position (30% of the cases).

The graduates reported‘that their Career\deeisions were made
largely while they were in college (42 percent of the cases) or in
high school (30 percent of the cases); the factor most often cited
asghaving relationship to the occupational choice was the influence
of an individual (relative or non-relative) in the same or a similar
occupation. "Location" and "costs" were the factors most often‘Eited

as having affected the cdllege-choice of these individuals.
»

7 Most technicians reported satisfaction with their ‘collegiate
studies; 52 percent rated their educational programs as '"adequate"
and 42 percent rated them "excellent." Civil technicians were espec-"__

—

ially enthusiastic. ) <
A sub-sampie o} lmost 300-technicians supplied detailed data
from which a job ac®ivity analysis was made in terms of the frequency
of performance of certain tasks. The job activity profiles which .
resulted suggested that tasks related to "reporting" were common to
all technician jobs, that civil techniciahs were most frequently
surveyors an¥ supervisors, that electrical/electronics were principally
"trouble-shooters"” with responsibility for equipment, and that mech-
anical technicians are used most frequently in design-related tasks.
Some minor regiohal differences in the utilization of technician
manpower were apparent A composite johractivity profile for all
technicians revealed that design-related, drafting- -related, and
reporting-related task clusters constitute the common elements of

all technician jobs. The implications are ¢lear for formal study
Fd

,of mathematics, graphics and communicaticns in engineering technology

. ’

education programs.

Careful study of the jOb activity proflles presented herein can
be of benefit to emp10yerst“educators and techn1c1ans, for the pro-
files indicate what expectations a graduate of an engineering tech-
nology curriculum may have for his first job after graduation and
éive insights into the kinds of .preparation which may prove gspecially

relevant to such employment. . .

e
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% CHAPTER 9

CERTIFICATION ,0F ENGINEERING TECHNICIANS

:
Thie paper describes briefly the progress in and prospects for

the certification of engineering techniciane. It containe a brief
history of thie certification progran and gives summary statistics

on the statue of certification efforts. -
»

The Certification Process

Gertification is a formal method by which the individual engineer
ing technician can achieve documentary recognition for his education,
experience and competencies. In many cases, such certification may
enhance the technician's opportunities for carger advancemént. This
certification is a voluntary process, carried out under the auspices
of a non-profit Eody, the Institute for the Certification of Engineer-
ing Techpiciaqs, 2029 K Street, N.W., Washington, D.C. 20006.

L

E3
.

The Establishment of ICET

The Institute for the Certification of Engineering Technicians
;;CET) is a part of the National Society of Professional Engineers,
having been established by NSBE action on February 10, 1961. As
early aé‘!958, NSPE had esfablisped'a study committee to consider
the em®rging prqglq.'lf providing a suitable means of recognizing
engineering technicians and simultaneously differentiating-their
functions from those of professional engineers. The study committee
deliberated for several years and sedmitted its report in June 1960,
reécommending the formation of a body which would (1) help to elevd¥e
performance standards of englneerlng technieians; (2) determine the
competence of englneerlng technicians by means of investigations
and examinations to test the qualifications of those wyho might apply;
(3) grant and issue cert1f1cate§ to those engineering technicians
who apply and quallfy, and (4) maintain a registry of the holders of
such certificates. NSPE's acceptance of the committee report and
gubsdquent favorable action established ICET.

ICET's Definition @f the Engineering Technician

ICET had initially accepted the definition of the term "engineer-

ing technician” which the Engineers' Council for Professional
coy-185- 160
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Development published in’1953,l but subsequently modified the defi-

nition to read as follows: .
An englneerlni>techn1c1an is on® who, in support of and

under the direction of profe551onal engineers or scientists,

can carry out in a responsible manner either proven techniques,

which are common knowledge among those who are technically

expert in a particular technology, or those techniques especially

prescribed by professional engineers.

Performance as an engineering technician requires the appli-
cation of pr1nc1ples, methods and techniques appropriate to a
. field of technology, combined with practical knowledge of the
" construction, application, properties, operation, and limitations
of engineering systems, processes, structures, machinery, devices,
or materials, and, as required, related manual crafts, instru-
mental, mathematical or graphic skills. - .

Under professional direction an engineering'technici;%
analyzes and solves technological problems, prepares formal -
reports on experiments, tests and other similar projects or
carries out functions such as drafting, surveying, technical
sales, advising consumers, technical writing, teaching or ,
training. An engineering technician need not have an education
equlvalent in type, scope, and rigor to that reguired of an
engineer; however, he must have a more theoretical education
with greater mathematical depth and experience over a broader
field than is requlred of skilled cra¢tsmen who often work
under his supervision. 1,
ICET distributes this definition widely, including it in both internal

3 . .

e

documen®s and Fublished literature.

ICET's Operations |

"ICET is organized as a Board of Trustees of eight members,.
four professional engineers and four senior engineering technicians.
Board members, who are unpaid) serve staggered, four-year terms;
one engineer and one technician are replaced each year. ICET has a
full-time executive secretary, Bernard Riggs, who hfs served ip that

capacity since October 1965.

ICET is a certifying and examining body only. It is not a 1li-
"censing body; unlike state regf%tratlon boards for professional
engineers, which have legal status, ICET has no similar authority
provided by statute. Nor is ICET a society offering‘membership to
individuals or groups; however, a technician who has received certif-
icagion may join the American Society of Certified Engineering
. -
‘_‘ .

lEngineers' Council for Professional Development. "Regort of

Recognition Committee," ECPD 21et Annual Report. (New York: The
Council, 1853), p.17. |

2Institute for the Certification of Engineering Technicians,

"Minutes of the Board of Trustees"; January 1966.

3See, for example, Kenneth C. Briegel, "Certification of <
Engineering Technicidns," Journal of Engineering Education, Nov.

. 19684 p.190. .
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Technicians (ASCET) in much the same manner as a registered prof-

o

essional engineer may affiliate with NSPE.

ICET has established three grades of certification: Assocjate
:gngineéring technician,? engineerlng technician, and senior engineeér-
’;ng technician. Table 71 summarizes the criteria for certification -
for #ach of these grades. In applyihg tnese criteria, tne ICET Ecard |
accepts endorsements from persons with B.S. degrees in engineering -
or science and from certain other supervisors. The Board ma& also )

walve the requifﬁggnt ofran examination.

+ An individual wishihg to become certified in one of the three
grades submits an applicatiQn, rays a $10 fee,-and arranges for
endorsements tc be forwarded\%Q\ICET. In his application, he sappl:es
personal information and a detafled summary of his work assignxenté
inciuding the degree of responsibility involved in his work. The . ’
Board carefully reviews the arplicant's statement anc those of tne o
references, approving certification if all reguiirements are me?* ard
evidence of progressive perscnal advancement appears. In cases of
doubt, the Bcard may either reiect the application, offer an o;;or-‘ .
tunity for examination, or offer certifitation }n a lower grade, ‘
It 1s the Board's policy to uphold the established standards, even .
though mistakes of rejection of q&alified indivicduals zay occur.
Effective January 1, 1873, an examinaticn will be mandatory for
initial certification in the lower twc grades unless the app
is a graduate of an ECPD-accredited curriculum. Alsc, effe
at the same time, a written paper in lieu 0f examination will be -
required of applicants for initial certification as Senicr Engi-

-

neering Technicians. . .

Technicians certifie® in one of the lower grades can upgrade
their certifications by submitting appropriate evidenge to ICET;

the fee for .rzgrazirg is $5. An annual renewal fee,of $3 is charged

-

-

e
to keep certification current.

Progress in Certification

: Since applications were first accepted, ICEI has issued more

c 3 . ‘
than 20,000 certificates; number 25,000 is expected to be issued by
mid-1971. Table 72-lists the numbers of technicians certified by year

for the period during which ICET hag existed. Inferences abocut the

-

1The "associate engineering technlcian" grade was originally ' -
cadled "junior engineering technician"; the word "associate" replaced
"junior" effective January 1, 1971. ’
17;
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TABLE 71.--Minimum Requirements for Certification in Various )

Engineening Technician Grades.

<
#
Education and/or N :
Grade Age Experience Qualifications
Senior No maximum, (a) Graduation from an Demonstrated,
Engineering 35 years ECPD-accredited pro-  high qualifica-
Techniciap minimum tions; knowledge

¢

gram in engineering
technology plus 15
years engineering

technician experience

under the direction

of a professional en-
gineer or equivalent,or
17 years engineerindi
techniciangexperienc
under thiiierection of
a profesg¥onal engi-
neer or iguiva]ent.

of detailed tech-
nicad character.

Responsible per-

formance,

A

Engineering
Technician

No maximum,
25 years
minimum

Graduation from an
ECPD-accredited pro-
gram in engineerigg
technology plus 5
years engineering
technician experience
under the direction
of a professional
engineer or equiva-
lent, or

7 years engineering
technician experience
under the direction’
of a professional

engineer or equivalent.’

Demonstrated tech-
nical knowledge
plus satisfactory
compietion of- an
examination.¢

-

Associate Ko maximum (a) Graduation from an Elementary tech-
Engineering No minimum ECPD-accredited pro- nical ability.
Technician N gram in engineering

~

(b)

technology, or -
2 years engineering
technician experience
under the directiop

of a professional
engineer or equivalent

Endorsement. from -
one professional
engineer or equiv-
alenta

~

. e ) .
313 years -if graduated from an ECPD-accredited baccalaureate engi-
neering technology program. .

-

b3.years, if graduated from an ECPD-accredited baccalaureate engi-
neering technology program.

CMay be waived at the discretion of the Board.

&

{
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. . iABLE 72.--Number of Certified Engineering &echnicians by Grade
and Year, 1964-19718, '

r

Technicians With gurrent Certificates
', Asspciatet Senior
Engineering Engineering Engineering
Yearb Technician Technician Technician Total

:"

1964 462 929 416 1,807

1965 640 1,323 630 2,593

1966 1,820 3,738 2,015 7,570

' 1967 2,016 4,068 2,227 8,311
1968 2,458  * 4,858 2,706 410,020
1969 3,758 5,798 3,426 12,982
1970 4,915 - 6,580 3,876 15,374
1971 ] 6,340 8,610 5,503 20,453

3pata supplied by ICET. -

£

e bReporting data is not the gsame from year to year; cautiop must be
used in drawing inferences about certification ra%&s. .

n

“C"Junior," prior to 1971, .

level of ICET's certification activity can be drawn from the data in
this table., Table 73 lists the distribgtion of certificate hclders 4
by- state (all grades combined) as of May 1971. Table 74 shows the

progréés in certification by state, listing the number of certified S

e

“technicians of all grades by state and by yedr.

,As may be noticed in Tables 72 and 74, the total number of indiv-
iduals with actﬁve certiffcates pas increased rapidly in the last years.
One factor which perhaps has contributed substantially to this trend
has been the support gfben to ICET's certification effort by insti- .
tutions having engineering technology curricula accredited by ECPD.
By arrangement with ICET, graduates of such curricula may be certified
as Associate Engimeering Technicians at the time of graduation.) Many
recent graduates have received dual credentials at their graduation

exercises; this is a practice expected to continue ‘and increase. A

‘s second factor which will encourage certification is the growing trend
- of employets to recognize and support the activityh Some firms pay

the cert®ification fee; some give bonuses upon certification; and ™

“ERIC Y .
ERIC 1167(?,“
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TABLE 73.--Distribution.by State of Cert1f1ed Eng1neer1ng Technicians
as of May 1, 1971.

L} = .

State Number State Number
Alabama 122 Montana 108
Alaska . 59 Nebraska - 266
Arizona 331 Nevada 52
Arkansas 305 New Hampshire 83
California - 661 New Jersey . 274
Canal Zone 7 New Mexicp 182
Colorado 209 Néw York 931
Connecticut 502 North Carolina . 343
Delaware . 148 North Dakota . 90
D.C. 26 Ohio* 1,453
Flortda 477 Oklahoma 501
Georgia 283 Oregbn .357
Hawaii 29 Pennsylvania 1,075
Idaho . 59 Puerto Rico 21
I114nois 1,079 Rhode. Island . 65
Indiana ) 269 South Carolina , 149
Towa 580 South®Dakota e 28
Kansas 944 Tennessee T 587
Kentucky 193 Texas o 2,658
Louisiana 215 Utah o - 20
Maine 78 Vermont ° ' 96
Marytand 345@ Virginia 534
Massachusetts . 457 Washington * 383
Michigan LN - 578 West Virginia 134
Minnesota ;M * 556 Wisconsin 374
Mississippi 178 Wyoming ) 18
MissGuri 875 Outside the U.S. 106

Y :

others base promotions upon the possession of appropriate certificates.
The Engineering Division of 3M of St. Paul, Minnesota, the Westinghouse
Electric Company of Lima, Ohio, the Mar1e§)Company of Kansas Cityg ‘

Missouri, and the firm of Consoer, Townsend and Associates, Chicago,

* Illinois, are but a few examples of such employers. ICET anticipates

a continued heavy workload in the years ahead. -
. " o

\\\ Some Characteristics of Cepiéfied

Engineering Technigians

,
\

Civil'engineening techniciang fofm proportionately the largest
group certified by ICET at this timB. Most of these technicians are
emﬁloyed by state h;ghway departments or are in Some manner concerned
with road cbnstrubtlon projects of federal or state government
Electronics technicians constltute the second largest group.

¥ »

When ICET initially began its certificatjon procedyres, approx-
imatély half of the engineering[rechnicians certified were in the

T 17y .

2 . .« ) ~

[
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TABLE 74.--Distribution of Certified Engineering Technicians by

State for Selected Years, 1963-1971, ] J

I

—

Number of Certified Engineefing Technicians% by Year

STATE e
1963 19652 1967 1969/ 1971
/
Alabama 8 11 46 82 122 ,
. Alaska 2 ’ 4 ° 23 43 59
Arizgpa & 6 12 ¢ o 14 331
Arkansas 3 8 85 24 305
California 51 - 96 303 . 42 661
Canal Zone 1 1 3 7
Colorado 5 10 81 ) 12 209
Connecticut 15 35 126 25 502 /
Pelaware 54 107 115 14)2 148
D.C. ¢ 4 17 . 13 112 26
* Florida 26 77 . 230 319 477
: Georgia 13 24 " 80 120 283
Hawaii 0 v 0 4 9 ) 29
Idaho 4 7 20 7 9
I1linois 58 126 504 . 736 1,079 N
Indiana 17 36 105 159 269
Iowa 16 42 169 20 580
Kansas 15 45 512 51 944
Kentucky 6 12 65 11 . 193
Louisiana 10 27 62 08 . 215
Maine 1 9 18 38« 78
Maryland |, \ 14 37 118 5 © 345
Massachusetts 38 50 140 91. 457
Michigan 35 69 264 75 578
Minnesota 24 35 176 49 56
- Mississippi - 7. 15 - 44 97 - 78
Missouri °~ 41 113 441 682 875, '
Montana : 4 9 54 /109 108, -
Nebraska, n 3] 90 165 -266 - ¢
Nevada 3 3 -17 25 LY
New Hampshire 5 - * 8 17 49 83
New Jersey 24 38 123 177 274 ‘ -
New Mexico - 21 37 94 . 1138 182 -
New York 137 217 464 659 931 .
North Carolina ~ 15 " 46 172 215 - 343
North Dakota 3 4 11 45 90
Ohio ‘ . 13p 267 805 805 1,453
_  Oklahoma 29 45 144 144 - 501
’ Oregon ’ 8 29 137 137 - 367
Pennsylvania 135 220 489 489 .. 1,075
- Puerto Rico -1 2 8 8 . 1
Rhode Island 2 6 . 16 16 5 .
South Carolina 13 ., 23 .’ 56 56 . 149 . 1
South kota T 2 4 . 8 8 28
. Tenn e 20 47 233 233 587
Texa 104 256 861 - 861 2,65
Utah 2 3 & 6 2 :
Vermont 3 3 a7 ) 17 9
Virginia : 24 60 169 4 | 169 . . 534y
Washington ' é 114 v 197 1197 . 383 .
West Virginia , 2 . 37 79 79 134
. Wisconsin ' 37 54’ 166 166 374
C - Wyoming 1 - 1 9 9 18
T, -OQutside the U.S. ’ 1 . 2 38 - .38 1Q§ N
TOTAL " 1,473 2,593 .~ 8,311 12,982 20,453
3 - 4 \\
s Y |
S .3Data.collected at end of 1964 177\ \
ERIC - ‘ . R P
TR o p . . .
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"engineering technician" (middle) grade, with about oae-quar%er in

the "Jjunior engineering technician" (now, "associate") grade and

one- quarter in the "senior engineering technician" grade. Currently,
however, the greatest activity appears to be in the assoc1ate engi-
neerlng technician grade, and most of the appllcants seem to be ,
recent graduateé of schools with one or more ECPD-accredited curricula.
Some applicants for certification are graduates of community colleges

and use the. examlnatlon route to certlflcaflon

Wome.r form a very small\percenta?e of the total number of -
. certified engineering technicians. It is estimated that only 150-
200 women are included in the total of nearly 25,000 individuals

who have received certificates.. -

" At the present time, few graduates of baccalaureate programs
are included among the engin&eriné technicians certified. ICET

anticipates some problems if appreciable numbers of such individuals

.

apply. .

- " Benefits of Certification

Certification 4f engineering technicians appears to provide a
number &f bepefits. Primarily, it adds status and prestige to the’
job. . Certification also provides, with many employers, a basis for

omotidn of technicians. Furthermore, certification should clarify
the distinctions between the role of the engineer and that of the
technician, hopefully resulting in better utilization of thid Nation's
total supply of technological manpower. Finally, the formal ident-
; . ification of technicians by certification and the communication among -~
o * © technicians which has resulted from the formaflon of ASCET and the ‘f
Jarious local sections 5}‘ this sogif§ety, cg» only serve to enhance
‘ the position of individuals and improve the performance standards ’

., " of englneerlng technicians in general - ' -

-~

o

. \"} - N ’ ° . -
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CHAPTER, 10
A STQ#ISTICAL MODEL FOR "ENGINEERING TECHNOLOGY
// ’ EDUCATION IN THE UNITED STATES
c o -
. . S
o . ”
: . This paperl preatnts a stattsttaal model for engtneertng tech-
~ nology educatzon in the Unzted Statea Assumptzons are made about
- future manpowen ‘needs and then proaeattons are made of the educat-

e

\\\ Fechnivian Manpower: 1966-80, Bulletin 1639 CWashlngton U.S.
p

itonal effort; required to meet these needs. Finally, the prqﬂected
statistice in the model are compared to currently reported statzstzcs'
in order to assess, tentatively, the national: progresgsa in engzneertng

'technology ed*ucatzon. ' -
, ) .

-
Y, Introduotion 5 ' L .-
- ‘ All recent prOJectlons related to future natlonal manpowey needs
' ‘ indicate enhanced demands for scientific and englneerlng techn1c1ans z
These .projections reiterate and reinforce the experience of the past,
Engineering technicians, especially individuals ‘Tsh associate or
higher degrees, have been‘ln somewhat short supply fo;sthe past two
decades, in 1968, for examplé, 48 percent of the employers responding
to a gurvey by the Engineering Manppwer Comm1§51on reported "short-

%alls" in meeti their employment ocals for engineering technicians,
mi g

o some by as much as halﬁ‘of their goals. 3 Hdhever, there are indica-

»

. thQS that the gap between demand and supply is closing slightly.4
For example, an improved enrollment trend is noted in some--although
not all--&f the 1nst1tutlons whlch offer educational programs in

..Q "
I . * ’

r . ¢

-

L4

-

) . lIt is empha51zed that thlp docyment is merely a position N
paper with the views of its author. Endorsement by the American

- Society for Engineering Education or- the Advisory Committee for

SEE's Englneerlng Technology Edpsation Study is in no way lleled.
= e content is entirely the responsibility of the author, @& -

“2for ‘example, see U.S. Department of Labor, Manpover Réport .
of the'! Preszdent -A Report on Manpower Requirementas,’ Resoyrces,
Utitfzation,’ &nd raining (Washington: U.S. Gover nt Printing
Office, 1976), p-16Pf., and U.S. Department of Lalor, Tomorrow's
Manpoulbr Needs, Vol. 3 (washlngton U.s. Govennment Prihting 0ffiCe,

< 1989)
» - -,

.. S 3Eng1neers Joint Co!n01l Englneerang Manpower oomm1851on,
Demand for Engineers and Technzatans, 1868 (New York: The Council,
1969), pp.26- 29

“y.s. Department of Labor, Bureau of Labor Statistics,

/ . )
g T 175 . -

. . 17¢
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L ~ this area. But it J.S believed that a continued higher education®
s effort; in expandlng existing programs, J.naUguraéng new -program? .
( and prov:.dlng facult&' members and facilities, will be necessary

"if . these 1n1t1a1ﬁnds -are to be firmed and Feal pr?éress made.

In a prefmlnary ef%rt to. assess the educatlonal effort re-
quired to meet tjpp hation's needs for englneerlng technlclans, ap
- . idealized, statistical model for engineering technology educatlon in
A " the United Stdtes has been constructed The model attfmpts to match
T N manpower needs w1th supply and to estlmate, in terms of enrollments
and graduates, the educational effort in engineering technology
- ~needed in each stgte. ~The model and the assumptions on which it .

' \is based are discusseqd in the following paragraphs. o

3

N~ \ .

’, _ Manpower Needs -

. Warious projection strategles ha’ve been employed to estimate e

-

e T needs for engineering.technicians, but most techniques involve (1) -
projecting future needs for engineers and scientists on the basis

of historical and trend data in am industry-by-industry classification,
\\ (2) computing the ratid “of technicians to scientists and engineers

R for each major industry sector* (this ratio currently has a mean value .
- of 0.63), and (3) applying these ratios-,‘corrected for trends in i
@ tethnician utilization, %o the appropriate projection of scientific .
and engineeripg»manpower to yeild technician manpower requirements. -
Some .of the results are s}zg;yn in Table 75. The,éources' of the fi‘rst,//
. . = . \
i

QTABLE 75. --Projections of Needs for Engineering ,echnrmans, 1970-80, ﬂ-
- Various Soyrces. ° . )

\'- L — . ""f',

Projection . Projected Annual Need# .

64,600
41,000
~ 25,400 .
) . 50,200 . -
) - 46,500 - - .
28,400
. 33,0002

©@ ™M Mmoo o
AN

¢ aThis figure.has been adopted for construction of the model; see L
discussion in text. % .o

Iy \ L J

Q 7 s ' AN ) ) 17‘\} .
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six of these estimates are given below.along with a diseussion of ‘\\
them.

Projection A
Source: Leonard A. Lecht, Manpower Needs for National Goals in the
1970's. New York: ' Frederick A. Praeger, 1969. ~

4 “
This source listed the following_estimated annu®l job openings,

1966-1975, for technician fields:

*

Electrical and Electpoq@c‘ 34,400 .
Other Engineering ‘ 7,100
Draftsmen and De§igner 23,10¢C :
g Life Sciences : 14,300 -
7 Chemical “~ 11,00,° ,
Physics ' ‘ 2,120
. Cther Physical Science ' .7,222 ’
= Mathematics ' ‘ ,2t0 .. '
- Compuwter a;d Cther’ DI o
Assu&&ng that the first>§¥;ee entr%gg in this 1list titute the

engineering technokogiesi the total estimated annu need is thus
64,600, While these proﬁections,wére made to 1975 only ang were
based on 1966 levels of employment,lit Sseems reasonable that the
sqme estimates would be as valid at the end of the 197(-8(.decade

as at its beginning. The estimatérwag'predicted on what the author
termed a "lower limit for :hpioyment opportunities” based on '"national
‘Briorities" whick reflect "more of ‘the same" as eXisted in the 13960's
The author’ also projected~a "higher‘priérixy'alternative chéracter‘%ed
by bdlder specific objectives," such as housing starts or massive '
efforts in pollution control, which led fo an’ even higher estimate

"of the annual job opening for technicians; the "higher priority" -

estimate was for approximately 87,000 %acancies per year.:
° !

.

- ! . ) !
Projection B A 4 g -~ . ..
Source: Jéhn D. AldeJ! "Engineering Job Prospects for IQZSﬁg in

Supply, Demand and Utilization of -Scientists ghd Engineers cientific
Manpower Commission and Engineering Manpower Commission, shington:

The Copmissions, 1970. . ;
£ author cites an estimated average of 65,000 Ajob bpening; per
year for engineers for the.next{ decade (see p.5), influenced but

. . ¥ . . ‘. . ° .
slightly by short-term tightening of the job market. "Irreversible

f4ctors in our technological society," a backlog of unfilled jobs,
A‘ ; . ’
> - ’ *
. - 4
I_Rj(f 15
e BN ’y € . -




tased on these data lead to the results shown in Table 77. In
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changes in the draft laws, and adjustments of immigration quotas are

‘listed as arguments why aﬁnual_manpower needs for engineers will not

go below the 65,000 level Since the same author, 1‘ other Engi-
weering Manpower Comm15$1on publications, hag-stated the ratio of

technicians to englnetrs natlonally to be .63 to 1, the implication

is that .63 x 65,000=u1,00Q¢%ecpnician jobs will be available annuallyf

Pngjeétion C

Source: U.S. Departmer’ of Labor, Teghnictan Manpower, 1366-80,
Bulletin No. 1639, Bureau of Labor Statistics. Washifigton: U.S.
Goverggent Printigg 0ffice, 1970. (Adaptdi.)
4 ) .
The ‘Burtau of Labor Statistics has listed estimates of the
number of technicians of various categories employed in 1966 and

projébteé requirements in 1980 as shown iN Table 76. Computations

-

making these computations, it was assumed (1)- that at least S5C per-
cent of the draftsmen needed in 1980 should have ‘associate or higher
degrees, (2) that all engineering tecnn1c1ans should-have associate

or higher degrees, and (3) that the "other" catggory (which included’

L3

TABLE 76.--Employmeﬁ1 of Technicians by Occupational Specialty,
Estimated 1966 and Projected 1980 Requirements.

* 1966 ~ 198Q R
Occupation \ ' Employment Requirements
Draftsmen . 272,300 434,300
Engineering Techniclans 299,200 453,800 "
Other Techn%cians 125,100 [ 4 ~7 7 205,800
. ‘ . v .
; \\ i P -

TABLE 77. --Projections of IAcreases in Needs for Technicians with
_Asspridte or Higher Degrees, 1966-1980.

Py

: Number Reqd}ring
Employment Increases Associate or Higher

Occupation ' , 1966-1980 _ Degrees
Draftsmen " 162,000 . - 81,000 @
Engineering Technician®m . 154,600 154,600
Other Technicians 80,700 ” __20,000 .
TOTAL - ‘ 225,600

N

v
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computer programmers and mechanics, industrial designers, and sur-
veyors) consisted 25 percent of individuals who would be of the

-

bl . . o F
englneering techniclan type and hence need assoclate or higher degrees.

cﬁ‘replacements to
N
compensate for lossgs:

field due tc death, retlrermént or transfers to other otcu-
-»

] Ir addition to new job olendings, a number,

wcrk force were believed necessary tc
& .

Attrition rates cof 20 percent were assumec for employees
b

“ecrnizians, arnd cnre-fcu

Tre =Ztal reecs, new wacancies (I25,807) tl.s re;zlace~ents
» are Ior Iiz,El0 cocllege-tralnel TecrriCiar:s In tre Terics
y SInCE TTl3 [ericCc CoVers 2 1. YEear SI&n, Tre aserage
ANTWAl reel 1S CompuTec TC Le aLt.T 25,21. teznricians

TABLE 78.--Projections of'“Rep1acement” Openings for Tecnnicrans,

- W‘

L

ERIC *

nicians", except Life Science Tecrracians,

A simplified calculation then exists, as follows:

18:

. -

as a sirngle

1966-1980-
. Number Attrytran Number Number of Coll -
Oce t ! 0 o} ege
. upation 1n Field Rf%e - Replaced Trained Replacements
. [rafts[nen, 966 272,300 ¢ 20 54,060 27,200
Engineering '
Technicrans, 299,200 .29 60,000 60,000
1966
Other Tech-
 nicians. 1966 125,100 .20 25,020 6,200 !
AT1 New Entrants, :
1966- 1980 225,6(M 15 33,800 33,800
TOTAL 127,200
v4 ‘ -
B
- . - N <
Frojection L.
X L}
Scurce: CZame as Prodection Gr. ot ;
Ar. alternative to the scmewnat inv-lved compuatations cof Pro—1 ’ —
'jection T is to consider all "Natural 3cience and Engineering Tecrh-
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Number of technicians employed in 1*6 . 816,900{
Number of eew jobs, 1966-1980 469,900
Replacements for 20 percent of line 1 163,400
Replacements for 15 percent of line 2~ 70,500
Potal 1966-80 Needs (sum of lines.2,3,4) 703,800
Average annual need (line 5 divided by 14) 50,200

The result, 50,200 t€chnicians pér year, is a total employment
need, including technicians to be upgraded from variocus sources as
well as those who have graduated from coll¥giate, pre-employment
preparatory programs. While this estimate is ‘considerably higher
than that of Prgjection C, it is somewhat comparable to the supply
which employers state they believe to be desirable in order to
eliminate the necessity for extensive an-the-job training and heavy
Lrellance on upgrading. . - . ,

Projeétion E ,

Source: U.S. Department of Labor, Manpower Report of the President:
A Report on Manpower Requirements, Resources, Utilization, qnd
Training. Transmitted to-Congress, Margh 197C. ~Aashington: U.S.
Government Printing Office, 13970.. -

The President's Report cites employment requirements for engi-
neering science techmicians as growing at-about 35-40 percent in
_the 1968-1980 period (chart 21, p. 163); it stafes that "on the
average, abou* 74,000 new engineerg@ wasld be needed annually during

th‘ 1968-80 period to make'possible the projected employment growths
and replace thos® who die, retire or transfer to other fields of
work" (p. 169) Assuming a technician-to-engineer‘ratio of .63,
74,000 englneers lmplles about 46,500 tecd n1c1ans

e

L 4

Projection F
Source: Same as Projection E.

With some cautidén, the President's Report also suggests that
the nation's manpower needs forrengineérs can be met by 45,000
engineering graduates yearly (as contrasted to the 74,000 total
engineers used in Progectlon E). The implications, assumlng the
validity of the .63 ratio used previously, is that 28,400 engineering
g‘echnology graduates will be adéquate to supply manpower needs
In the cases of both englneers and technicdans, the assumptlon ¥s

that individuals ofteD enter these flelds without hav1ng completed
e

the formal schooling -generally assoc1ated with Ehese ovgcupations
and that she numbers of such "drop-ins” are sufficiently great Yo |

reduce the manpower requirements for graduates.

NN

2
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ome of the estimates of manpower needs for technicians as
shqwzsin Table 75, notably projections "A% ang "D", appear unreal-s
istigally high. The "A" projection was based on the assumption that
hiéh priorities would be placed during the coming decade on the
achlevement of substantial natibnal technological goals, such as an
accelerated program of "space exploratiqn or a major attack on urban \\,
‘Eroblems; it 'seems unlikely, however, that*such priorities will de~_’
velop at a pace sufficient to create the manpower needs suggested.
Proji:tion "D" is probably also somewhat high, since it assJB!éfd
federal spending in aerospace and defense-related activities at a
higher level than now prevails, and does not acspunt for the effect
on scientific and technical manpower demand caused by reduced federal )
tudgets. Tre economic and empkoyment conditions of late 1969, 137¢C,

ard early 1371 appear to repudiate toth of these prolecticns.

Conversely, some of the lower projections may hdve underestimated
new or changec employment needs being created as a result of the
evciution of a general teghnical environment which is increasingly

ophisticated and complex; i* is believed that this is prctatly

n

true of projectign "C" in Table 75. - -

It is believed, therefore, that during the 197C's the rar.power
reeds for college-trained techricians will exceed 25,370 graduates
per year, bat will no‘!reach 5C,C0C per year.  An estimate of 33,000 ®
wi

graduates é@r year, h at least an associate degree, has bteen

adopted for this mo&el; in supp#®rt of thisuestimate, the following

observations are made:

1. Just tefore the start cf tie decade, approximatelg 20,00¢C .
individuals were graduated annually from associate degree engi-

neering technology programs. Employers were reporting "shortfalls"

in hiring goals which averaged 2 percent. Hence, it is perhaps
reasonable to estimate that the ed then was for approximately

24,000 graduates. Nee?s,‘in terms of new jobs, are expected to
increase during the 197G's by about &0 percent; hence annual needs

may be expected to grow from 24,000 to about 33,600. .

2. The total technical manpower pool--including high-schoal gmgd-
uates and .drpop-outs, college graduates and drop-outs, individual
completing educational programs leading to awards less than assoc- -
iaté ‘'degrees, apprentices, veterans whose military experience in-
cluded techrical trainipg, and other incidental sources--was
approximately 70,000 techfiicians per year in 1970. This total
figure will probably not grow appreciably by 1980. However, less e
than 30 percent of t)!itechnicians entering emplpoyment in 1970 were
"college-trained,” th largest fraction being industry-trained in
on-thegiob programs. It has been suggested that if the proportion
who ha comS&eted collegiate pre-employment curricula could be
increased to 50 percent, then the iexisting manpower pool would be
adequate to feet the nations needs. The imglication-is that an
average of 2000 cojlege-trained technjcians will b€ needed

~annually. , . .

3. Projeétions exist that an average of 43,000 engineering college ) ’

graduateg will be produced during the 1970'®, with about 80,000
firgt-tige students enrolling annually; a retention rate of 54 percent.
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Historically,,first time technical enrollmeft2 has been .7 as large _
as engineering enrollments, and might thus be expected to be around
56,000; if the same retention rate (54 percent) were achieved, one
could predict that about 30,000 technolbgy graduates per year could

~ be produced.
) 4.[ Short-range enrollment ends are sharply up i certain tech-
. ogy specialties. If these trends continue, and attrition rates
& age slightly reduced, it i$ feasible that the trends in these special-
ies will offset continuing steady declines in others, so that net
. - enrollments near 120,003 can be mgintained. It is feasible, there-
fore--again following historiggl trends--that about 25-30 percent of .

the total enrollment will graduate each year, that is, about 30,000
‘to 36,080 graduates seem potentially available.

S.- The best match between the nation's projected needs for graduate
technicians and the number of individuals feasibly available to meet
those needs appar®ntly occurs in the range ;30,000 - 36,000. Hedg
a projection of.33,000 is taken as a wdrking estimate. N
There arelfew projections of the manpower needs for technicians
with bachelor's degrees, i.e., technologists ~ Cne study led to an
estimate that a minimum of 20 "ercent cf all technlclans stould
"possess bachelor's or higher degrees.* It is believed, “owever '
¢ that tnls projection is low. ;rends, row tbat a small tut growing
supply of baccalaureate graduates have appeared suggest that in-
creasing numbers of employment opportunities will exist for such, -
individuals and that as many as 10,000 to 12,000 positions per year--
approximately one-third of the projected "college-trained technician"
. group--will be available during the 1970's. The model has assumed /
" an average need for approximately 11,00C baccalaureaﬂé graduatestE?\<k\\
. year. . %
’

. ~4
.

Y v . > F
Sources of Students L

3

The iﬂdividuals who will enter she labor market as technicians

' during the 197C's or prepare to do so have already been-born; they
are, in fact, already in the educational stream, at least in .the -

upper elementary gradeés, and some arg already in college. Although
* there are some possibilities’ for small shifts in students' interest ‘
Patterrs in the future, it 1s likely that the number of students
available in the next decade for education as technisijij is a N

reIatlve;y fixed quantity, subject to only .minor shortsern variation.

N
- ,

y ¥ . 4+
1 Eckhart A. Jacobsen, 'A Survey of Techhical Needs for Industry . .
' d Implzcatzons for Currzculum Development in Higher Educdtion, «
. Cooperative Research Project with U.S. Office of.Fducation, 1966t¥
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It is possible toc estimate the pool from which stidents fof,’
engineering technology-will be drawn. The U.S. Office of Education,
for example, has'pﬁojected‘future "freshmen" or "first-time deéree

credit™ college ‘enrollment as follows:l

Year T Fresfman Enrollment :
1970 SRS 1,661,000 '
- 1973 1,883,000
) 1977 2,127,000

Preliminary counts for 1870 suggest that actual enrollments may

exceed the proijections slightly, so that it is reascnable to assume

that frestman enrollments during the period 197C-80 will average

about 2,200,000 students. The nutpber of males is expected to exceed

siightly trhe number of females, sc that an average of abcut 1,120,000
r

ccllege. In the past, aboutr 15 percent of

“
@
o]
~
x
ot
H
Y
o
o
ot
o

o=

cclilege mer. have crncsen tecnnological fields (physicalil science, math-

ematics, ergireering, techrnclogy, etc.)¢ If this ratioc rem sen-
n

-

ains
ing the next decade, ther approximately 1£%5,0CC
-~

r
he arnbal pocl from which engineering technology

men wiil constitute
L4
students car te drawrn. If RSt trends continue, the large¥t fracticn
- - ~Rr oA LR, . N . . . d .
cf trese 1£3,000 will select mathematics, physical science or engi-

reering as Zisciplires, with‘g smaller proportion, perhaps 3(-Lf per-
t

s
cheosing engineering technology or related fields. The rumber

cent, ¢
cf entering students per year ‘could vary from 49,5CC (3C-percent) to .
5€,2.0 (+% percent). Some indications exist that the latter figure
'Eit:e more Yealistic. Pecent follow-up studies? of high schocl

-

gracuates suggest that Z percent of these graduates enter tecnnician
‘ecucation progréms. Since the average number of high school éraduates
per year cduring the decade 19706-198C is expected to be about 3,33G,OCC,Q
some 6£,03C students can be proiected to enroll in engineering tech-
. -

nology programs if the 7 percent trend continues.

-

» .

Yy.s. Gffice o catioA? National Center for Educatiopal
Statistics, Projeoctions of Educational Statistics tc 1§77-78 {Washington:
U.S. Government Printing Office, 1969), Table 5, p.13.

{Ipid, Table 19, p.32. v

3John C. Flanagan and others, Projebt TALENT One-Year Pcllow-
up' Studies (Pittsburg: Project TALENT Office, University of
Pittsburg, 1966). .

%y.s. Office of Education, op.cit.; Table 17, p.20..
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s \4 °

| : L I8N

.
-

.




]

* nietane:

~-18L4-

Attrition, Completions, Advanced Study

. Historicallx, the over-all att;dtion rates in technology programs
have been excessively large. It is not unusupal for Sb-percent of an
entering class'tQ drop-out, change majors, or in some other way faif
to graduate. Despite these historical data, however, an optimistic

outlook hasé been taken, and-attrition-rates of only 50 percent have )
been assumed for this modal:l In most cases, the majority of attrition :
appears to occur in, the first year; two out of three who eventually ‘ >
leave the field have dong so before the beginning of their sophomore

year. In light of these trends, it appears reasonablefto assume an .
academlc progressien in which sophomore enrqllments are approximately

65 percent of freshmen enrollments and associate degree graduates are

50 percent &f freshmen enrollments.

There have alwaxp been some graduates of associate degree engi--
neer1ng technology programs who ‘have contlnued in college to study
for baccalaureate degrees: some have pursued engineering programs;
some, business administration; some, education; and the,remainder
have studied in mlscellaneous other areas. Often these students
"lost" credits. The emergence of baccalaureate programs in engineering
technology, however,”has prov1ded for many associate degree graduates
opportunities for further study without' such loss of credit and
appears to be pne factor, along with mounting social pressures, whlch
has recently greatly 1ncreaseg the number of associate degree graduatea
who continue their schoqling. A recent survey revealed that 32 percent ¢
to seek a haccalaureate

o seek the higheér ‘degYee

of students M associate degree programs plann
degree.? At some institutions, the proportion
Reasonable estimates
for the future appear to be that about 40 percept—ef associate deZnee .
graduate; will seek bachelor's degrees and that 85 percent of these

has been reported to be as high as 80 percent.

'

(approximately one-third of the associate degree graduates) will atta1n~

their goals. These estimates have been adopted for the purposes’ of th!’

model’.

Pd
4 ) -

.« ox

. .
lan. attrition rate of 50 percent actually represents a sub-
stantially higher retention rate th that which most instituttions
report; many\observers feel that i? 1s almost essential, from the
standpointsy}x\geetlng manpower needs and providing adequate educa-
tional opportunlty, that institutions immediately develop positive -

- programg to assure that retention rates are increased to or beyopd

the 50 percent level. .

2pAmerican Society for Engineering 'Education, Student Tech-

A Study of Some Characteristice of Students Enrolled.in
Associate Degree Engineering Technology Programe, Study Report No. 7,
Engineering Technology Education Study (Waéhlngton ASEE, 1970)

See also Chapter 7, herein.
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BRE 21.--A Statistical Model for Enginee

in the United States.
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The Macrgscopic Model
. i

~ The statibtical model for engineering technology education in

the United States as a whole, that is, the, macroszopic model, is

based on the following assumptions, the rationales for whichk have

been given above:
* ¥
»

1. 66,000 students will enter engingerin® technology

programs each year.

2. 50 percent (33,000) of these
. associate degrees. ,

€
will graduate with
.« -

3.»40 percent (13,200) of the asgociate degree graduates

will conf¥nue studies toward
~ and 60 percent (19,800) will
technicians. »

100

a baccalaureate .dégree,
enter theé labbr‘fdrce as
’

-«
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degrees will attain.them; the remainder (
. Join the labor force as technicians.

,980) will

-

€ 5. The labor force, when the cycle' is fully dstablished, .

. . graduates.and 21,780 (19,800 plus 1,980) agsociate +
degree- graduates; this supply will balance \the projected

¢ and will provide individuals with bachelor'
in a proportion deemed de¥irable. \

The model is illustrated in Figure 21. \'

\
\

degrees

This model has imblications for the enrollment of, engﬁReering
technology students in institutions®of higher education, as follows:
1. 66,000 students will enroll as freshmen, although about

one-third of these will not be retdined past the, first
year. - .

2. About 44,000 students will enroll as sophomores.

3. Approxiﬁately 110,000 students will be enrolled in
assocjate degree programs’ (or the lower division of
baccalaureate programs) in engineering technology.

4. 13,200 students will transfer (or continue) to the
junior year, although about 10 percent of these will
not be retained pagt this year.

5. About 12,000 students will enroll asqseniors.".

4 6. Approximately 25,000 students will be enrolled in the
upper diyision of baccalaureate engineering technology e
programs. -

7. The total enrollment -in all engineering technology
programs will be approximately 135,000 students.

*%re 22 illustrates graphically the enrollment distribution just

disc?bsed. ) ‘ ) A
v

FIGURE 22.--Prodected Enroliments of Students in Engineering = .
Technology Programs, According to a Statistical Model !
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- Constructing a Detailed Model '

.o,
It is possible to identify a number of philosophical bases on

which a detailed, or stdte-by-stdte, model of engineering technology -

education can be constructed. Among these &re the following: (1) the

provision'oz equally accessible educationa opportunity, f2) adeqnately ?
meeting’the technical manpower needs of the employers in a local
communlty, ‘and (3) fully utilizing existing resources, wherever located,
in-order to minimize outlays for higher educatlon. These are all attrac--
tive, viable ooncepts; they each would lead, however, to slightly.dif- '
fering models. The factors apg the judgments made on thelr relatlve

-

prlorltles are discussed in the paragraphs follow1ng

- 4

“a

_gpally Accessible Educatlonal Opportunlty

The equallty of opportunity for students to attend institutions
of hlgher education and receive instruction in the disciplines of thei
choice has long been an American goal. This goal has never beeh fully ¢
reallzi:/and probably will not be It is not pragmatic that in every f

'state institutions of hlgher education--individually or-collectively--

N\

offergvery known discipline;Ahowever, groups‘of states, through inter-
state or regional compacts, have approached the ideal. On the other
rand, for the ordinary’ dlsclpllnes--and engineering technology is an
important one--enrollment opportunities should exist in every state;
furthermore, such opportunltles should be commensurate with each state's
) populatlon. The 1mp11catlon for dcdellng, then, 1is that the number of
engineering. technology students aﬂd graduates in a glven state should -
have the same relationship to the'natlonal totals of such students
and graduates as the population of the &tate has to the,natxonal .
population. It is believed that this principle is of paramount ippgor-
tance, and has been used for the model which has been construcﬁed.
S

!
|

Meeting Local Manpgwer Needs C ,
M /

Areas which are heavily industrialized or which hawve concentra-

tions of scientific and engineering activities generally have per

\ capita needs for technical manpower which are greater than those in
areas which are agricultural or which concentraye oy office or service
ogcupations.  Supplies of technjcal manpower are nedessary both to
maintain the 1ndustr1al/technolog1cal establlshment where it exigts
and to 1nsure its growth and é&panslon. The 1mplldatlon for modeling
here is that states with a substantlal 1ndustr1al/technolog1cal egtab-
llshment should prov1de for relatlvely mofe enrollments in engineering
technology programs than do states w1th lesser concintratlons of

x*dustrlal/technological act1v1ty, apportzonment of enrollments in
&

. ‘ 2 i 13

’
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the model could perﬁaps be made on the basis of the several states'
shares of the GNP, the value of - manufactured goods, the number of
scientists and engineers employéd, or other similar indices. Such

a basis, however, has been rejected.

Two major factors were cohsidered in the rejection of "local

manpowe; needs” as the primary basis for modeling a system of engi—'
neeriﬁg technology eduéation. First, contemporary society is highly '
mobile. Individuals do not necessarily seek employment in the com-
mun?ty.in which they were educated. Nor dges an empluyer need to

rely on local sources .of manpower: he can récruit from the nation.
Hence, contiguity qf educational and Tmployment opportunities aﬁ;ea?s
not to be of primary importance. And secondly, 'a less disproportiocnate -
distribution of industrial/teshnological activities in the United

States seems desirable; -since a factor which will tend to influence
site-selections by new or expanding industries is the availability

of technical manpower, the existence of engineering fechnology pro-
grams 1in all states, implying manpower availability in all states,

seems likely to fayor an ultimately more uniform distributic® of

]

industries.

Utilizing Existing Resources—
ff

. Because the costs of higher education have egéalated greatly -in
recent years, and because education is competing for public support‘
with welfare, highyays, law enforcement and cther social programs of «
major iﬁportance, it has become highly important that states care-
fully assess ¢he raturns from public mé%ies spent and, insofar as
possible, optimize;gost-benefit ratios. The nature of engineerihg
technology education is inherently such that both its cagital and its
operating casts are relatively high when compared to mdsgigther kinds
—of educafﬁon; states must be especially careful in assigning prior-

ities in this area. The implicatioqi for modeling are that, to
minimize cOs@ge, any needed incygases in enrollments should be dis-
tributed alJQgt entirely to exi§ting facilities and proérams, with

~-.few new programs provided. This conceBt, too, is rejected--not

\

because it lacks vglidity but’,- rather, becayse it seems to discount
quIurally more “important philo ophy of servIce to

the socially and
students, that is, provision of réasonably atcesdible educdtjonal
programs to all young people, regardless.of thei® ethnic and socio-
economic backgrounds or the regioq\of the country in whi;h tfley
happeﬁﬁto reside. The existéncé of engineering technology edﬁcétion
kppportunities ir\ali states, then, skems a highly desirable goal,

one to be sought {n spite of cost considerations alone..-

\

»

' 13;
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“ The Detailed Model

Table 79 gives a detalled statistical model for engineering
technology education. In the table, ‘projections of enrollments
and graduates are given, apportigqned among the states according to
their population as determined in the 1970 census. Footnotes to the
table gi%e information abouf\the projectidn techniques. The column
totals for the detailed model are quite comparable to the gross
estimates of the macroscopic model given earlier.

- . * ' N

Assessment of the Model

. . AN
A statistical model of the type given here is subject to a

varlety of weaknesses, but may also have some general virtues. The

shortcomings and p0551ble strengths are dlscussed in the following:

.

«ﬂkakgesses

o

Population Base.--The individuals who will enter college during
the period 1970-80 and who consititue the population pool from which
engineering’ technology students wi}l be drawn are predominantly young
people mow in the 8-18 age bracket. Individuals in this gge bracket
are not necessarlly uniformly dlstrlbuted demographléally, hence,
apportlpnment of "quotas" of engineering technology sgudents accordlng
,to total’population rather than to the 8-18 year old population group

’ preduces some’ biases. While the model is not extremely sensitive to

this factor, 1t does tend to jnderesfﬁnate quotas in the mdre pop-
“ulous states and to verestimdte them f% less populous ones.
Choige by 'Studﬁ\ﬁome research has lndlcated that students

L ] L[]
whose bomes are in rgral and small town environments choose tech-

nology curricu}a in college reﬂétively more often than do students

1 1In this model,, no account has been taken

from urban environments.
of 'such « ﬁroclivify .The bias tends to underestimate the quotas for
states in which an appreciable fractlon of the population resides in

’i! areas or small towns. "

»
.

Retentzgﬁ Ratés.--In the model, it has been assumed that the
over-d4ll retention rate for students enrolling in engineering tech-
nology’ programs would be 50 percent; this is a fairly optimistic
.assumption, since retention rates hisforically have averaged only
40 ﬁercent. Unless the retention rate can be raised to a 50 percent
,level, only about 26,400 graduates, rather than é3,000,~would be
gfoducéd.annuaily, a serious shortfall in meetiné manpower needs.

- ~ffor 33,000 graduates to be produced :at a 40’ percent metention rate,
qpproxime}ely 82,q00 freshmen woulfl be needed annually, a level un-
likely to be reached.

A

lSee, for, example, Chapter 7.1 92 N




”

7/

TABLE 79.--Projeciions of Annual Errollments in and Graduates from*Engineering Technology Education

-06T-

Programs: A Statistical Model, K .
v / *, .
\‘ - g o ; v " ; . a
- > v -5 25 mT o+ 0§ 2 25 °3  _§
¢ L oo = = L o v - o o e » ®E
Political Unmit =9 v S - oo < = 2 co e
3} = w e 0w
. ga 2 s 32 58 > 3 =z =8 r@
Qc"t - g oo < oo @ c
[oud [aad d
- . (1) "(2) (3) {4) (5) (6) (7) (8) (9) (10)
United States
From Macroscopic Model - 66,000 44,000 110,000 33,000 13,200 12,000 25,000 11,220 135,000 .
Total of Detail 200,295,000 66,000 43,185 109,185 33,000 13,200 11,855 2%5055 11,220 134,240
Alabama 3,373,000 -1,080 710 1,790 540 220 190 410 187 2,200
Alaska 295,000 100 65 165 50 20 20 . 4 17 205
Arigona 1,752,000 580 380 960 290 120 105 225 102 1,185
Arkansas 1,886,000 620 410 - 1,030 310 120 105 v 225 102 1,255
California 19,715,000 6,520 4,240 10,760 3,260 ?,300 1,150 2,450 1,105 13,210
Colorddoe 2,178,000 720 470 1,390 360 140 125 265 119 1,455
Connecticdt 2,991,000 990 650 1,640 495 200 180 380 170 2,020
Delawaref , 543,000 180 "120 300 90 40 35 75 34 375
District of Columbia 746,000 250 170 420 125 50 ., 45 95 42 515
Florida 6‘p71.000 2,210 1,440 3,650 1,105 44Q 405 845 374 4,495
Georgia 47492,000 1,480 980 25,460 740 300 270 570 255 3,030
. Hawaii 749,000 250 170 420 125+ 50 45 95 42 515
Idaho 698,000 230 . 150 380 115, 50 45 95 42 475
I11inois 10,978,000 3,630 2,460 6,090 1,815 720 " 630 1,350 612 7,440
Indiana 5,143,000 1,690 1,090 2,780 845 340 305 645 289 3,425
Towa 2,789,000 920 600 1,520 460 180 <170 350 153 1,870
Kansasg 2,179,000 \ 720 470 1,190 360 140 125 265 119 1,455
Kentucky ¥ 3,161,000 1,040 680 1,720 520 210 24190 400 179 2,120
Louisiana 3,564,000 1,170 760 1,930 585 230 210 440 196 2,370
* Maine 977,000 320 210 . 530 160 60 - 55 145 51 645
Maryland 3,875,000 1,270 ‘830 2,100 635 250 225 475 212 2,575
Massachusetts / 5,630,000 1,850 1,200 3,050 925 370 } 340 710 315 3,760
Michigan 8,778,000 2,900 1,880 4,780 1,450 580 520 1,100 494 5,880
- Minnesota 3,768,000 1,240 810 2,050 620 250, 525 475 212 2,525
Mississippt 2,159,000 710 480 1,190 355 140 25 265 119 1,455
Missourt n 4,627,0Q0 1,520 990 2,510 760 300 270 570 255 3,080
Montana 10 682,000 220 150 370 110 40 35 75 34 445
Nebraska J 1,468,000 480 320 800 240 100 90 190 85 990
Nevada 482,000 160 110 270 80 30 25 55 25 ' 325
New Hampshire - 723,000 240 170 410 ‘120 50 45 95 42 505.
New Jersey 7,093,000 2,330 1,510, 3,840 1,165 470 420 890 400 4,730
New Mexic% 998,000 330 220 550 ¢ 16% 70 65 135 60 685
]

ERIC
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Political Unit 5 = @ ¢ o5& P E o 7 §° =25, <
- (1) (2) (3) (4) (5)7  (6) (7) (8) (9) (10)
. 7 .
New York . 18,019,000 5,940 3,850. 9,790 2,970 1,190 1,070 2,260 1,012 12,050
North Carolina 4,968,000 1,640 1,070 2,710 820 330 300 630 281 3,340
North Dakdta 612,000 200 130 330 100 40 35 75 T 34 "405
Oh'o - 10,542,000 3,490 2,290° 5,760 1,745 700 630 1,330 595 7,090
Ok1ahoma . 2,498,000 . 820 540 1,360 410 160 150 310 136 1,670 )
Oregon < 2,056,000 68 450 1,130 340 140 125 265 19 1,395 ‘
Pennsylvania ) 11,670,000 3,85 2,500 6,350 - 1,925 770 690 1,460 655 7,810
Rhode Island 922,000 300 200 500 150 60 _ 55 115 51 ° 615 .
South Carolina . 2,523,000 830 540 1,370 415 170 150 320 + 145 1,690
South Dakota 657,000 220 150 370 110 40 - 35 ~75 34 445
Tennessee 3,839,000 1,260 829 2,080 630 . .250 225 475 212 2,555
Texas 10,998,000 3630 2,360 5,990 1,815 730 660 1,390 620 - 7,380
Utah : 1,252,000 v 350 230 580 . 175 70 65 135 60 715 ,
Vermont 38,000+ 140 - 100 . 240 70 30 25 ' 55 25 . 295 /
Virginia 4,543,000 1,490 980 2,470 , 745 300 270 570 255 3,040 ~
Washington 3,353,000 1,100° 720 . 1,820 550 220 200 420" 187 2,240 2
West Virginta 1,702,000 560 360 920 280 110 100 210 . 93 1,130 '
Wisconsin 4,367,000 1,440 940 2,380 720 290 260 550 246 2,930

Wyoming "329,900‘ 110 80 190 55 © 20 T 20 40 17 230

(])Populatjon figures from PC(P1)-1, 1970 Census of Population, U.S. Depi‘rtment of Commerce, Bureau of the Census.
.(Z)NZ-N]x(66,000/200,295,000), assuming a neédeq f1rst-enro]1ment*1np‘ut of1,66,000; results rounded to nearest 10.
(3)N3-.65xN2, rounded to nearest 5; assumed 35 percent attrition rate during fres,hman’year. .

()N o, . ‘ ‘ .
(5)N5-.5xN2; assumed, overall retention rates of 50 Percent.’ ,

(5)N5-.4xN5; assumed 40 percedt will continue toward baccalaureate degree. -
(7)N7-.9xN6; rounded to nearest 5; assumed .10 percent attrition rate dur1n.g Junior year.
(B)NB'N6+N7'( ’ . . ‘ , ’
(9)N§'.85Xﬂ6; assumed overall retention rate of 85 percent‘1n upper divisiaon programs.

(]Q)N]O-N +Ng. ) , _ _
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. Furthermore, it has been assumed;tha;\approximately q¥wo-thirds
of tﬁoge who enter'as freshmen_would enroll as sophomores.' The
experiencehbf some institutions has been that attrition during the
fres@man year is greater than assumed here, A greatel freshman

{%ttrition would imply a smaller sophomore class and'smaller total

enrollment. Fortunatgly, estimates here do ﬁot affecﬁcﬂjwr data

provided the overall retention rate.is maintained at 50 percent.

Madching Graduates to Jobs.--A fundamental assumption in the
model has been that a natjonal manpower need for 33,000 college-tfainéd
engineering téchnicidns ecould be met by providing 33,000 graduates of
engineering technology curricula. Such an assumption may be unreal-
istiq; experience indicates that a certain préportion of college
graduateé never enter the field for which they prepared. A Tecent
'sdryey of engineering technology studentsl suggested that 14 percent
would not seek employment directly related to their edycation. Al-
though some who responded in such manner were expecting to enfer %he
service'and hence were undecided about théir futu?e cared , at least
10 percent had definite plans to abanden engineering tééhn9logy, even

though they were successfully completing their programs., If such

.circumstances are prevalent: then more than 36,000 graduates (72,000):

freshmen) will be required annually for 33,000 eventually to reach ////
) <& .
the job market. The model does not aegount for graduates leaving f

the field, and hence may underestimate national enrollment needs. !
. ¢

Egtimation oF Manpower Needs.--The projection of manpower needs
for '33,000 college-trained technicians, used in constructing the model,
is subject to the inadequacies of all such projeetions. It is believed
the projection is slightly gonservative and underestimates somewhat
th® increased opportufiities for technicians in the future job market.
On the other hand, the economfc climate at the beginning of this decade
is not éﬁpouraging,‘so that a’ projection of 33,000 technician and tech-

nologist jobs--%elieved conservative--could be an optimistic over-
Y

¢

Eetimate; bf Student Sources.--The model has assigned "Quotas"
of entering #reshmen engineering techndlogy students to each state.
A basic assumption is that such quotas can be filleg; this may well
not be the dése. Many young people, for example, who are quite com-
pétent and -fully capable of completing a techﬁology program appear to
bexseeking educdtional programs and careers in social fields rather
than in scienceé and technology because the latter currently have ‘

NS s




. & "bad image." In addition, many others with interest in technical
‘}Eéldg have not properly prepared themselves in high scheol and afe
deterred from entry into associate degree programs. Tb the extent
that the potential supply of students %ay not match the projected
entering enrollment, the model is weak. No estimates of diécrepancies

!

are available.

Strengths

'

. . -
Guidelines for Evaluation.--A special virtue of the model, con-

structed as it is, {s that it provides educators in each state with
rough statistical guidelines. by which they can evaluate their state's

“efforts in the engineering technology ddmain.

Conservatism of Model.--The model is essentially conservative,
1n that it suggests in only a few cases that statewide efforts be
drast;cally increased. It seW educational goals which can reasonably
be reached. Furthermore, there seems small 1tkelihood that this model
will produce an oversypply of technicians. Most of the assumptions
made (e.g., attrition rates, graduates leaving the field, etc.) were
- weighted toward enhancing the manpower supply; ,if these assumptions
are invalid, a lesser supply of college-trained technicians will be
available, resulting in a manpower deficit rather than a, surplus of

highly ed%;ated but unemployed technical workers.

.’ ' “
Matching Soctal Aspirations.--The model, in using both associate

and baccalaureate degree graduates to satisf§ projected manpower* needs
for "college-trained" technicians, has completely abandoned the cpn-
cept of "terminal" education; it assumes the exi§téncp of avenues

to, engineering technology students for supward mobility, both to fui‘
fill personal aspirations and to respond to parental, peer group and
other societal pressures. Such avenues are Believed]essential in

the educational system.

: ~
i -
f -

e
Assessment of Contemporary Prégress

An initidl, tentative assessment of contemporary progress in
engineering technology education may be made by comparing avaiiéble
data on enrollments and graduates with the cdrresponding projections
in the model. Tables 80 and 81 are illustrations of how such an
assessment can M made. These tablgs contain relevant statistics,
state-by~state, along with a symbeocl to indicate roughly how each

state "conforms" to the model. o .

.4

I ' ,
Extreme caution must be observed in interpreting Tables 80 and

i

RN
81 or drawing inferences from them; these tables are illustrations >

only. Unfortunately, authoritative\and retiable data are'nop aValil-

10(
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. . .
TABLE 80.--Comparison of Modeled and Actual Values of [jower Nivision.Enrollments ana Associate Degree Graauates
' in Engineering TechnoTogy E{oqfam%

‘ 3
A A
Enrollments ’ Graduates
Political Unit - ;
Projected® % Actual® Conformity® Projected? Actualb Conformityc -
-TOTAL u.s. ¢ 109,185 96,526 o .33,000 24,311 -
Alabama 1,790 243 - 540 63 -
Alaska 165 121 - 50 9 -
Arizona 4 960 2,078 * 290 344 + P
Arkansas 1,030 .201 - 310 55 -
California 10,760 10;:336 3,260 2,582 -
Colorado 1,190 924 - 360 272 -
v Connecticut 1,640 2,346 + 495 641 +
Delaware 300° 133 - 90 28 -
District of Columbia 420 385 125 106 -
Florida - 3,650 4,068 1,105 798 - -
Georgila 2,460 979 - 740 276 - ¢
Hawaii 420 -, 104 - 125 28 - '
Idaho 380 213 - 115 59 -
I11inois 6,090 3,172 - 1,815 917 -
Indiana L 2,780 4,088 + 845 1,117 +
Iowa 1,520 1,453 460 414 .
Kansas 1,190 - 579 - 360 137 -
Kentpcky 1,720 251 - 520 36 -
Louistiana 1,930 295 - 585 81 -
Maine 530 354 - 160 117 - o
Maryland 2,100 975 - 635 230 - '
Massachusetts 3,050 5,230 + . 925 1,745 +
+ Michigan 4,780 3,920 - 1,450 944 -
Minnesota 2,050 430 - 620 96 - -
JMississippi 1,190 480 - 355 128 - - .
Missouri 2,510 1,595 - 760 391 -
Montana 370 126 - 110 d 34 -
Nebraska 800 1,380 + 240 677 +
Nevada .. 270 81 - 80 20 -
New Hampshire 410 624 + 120 178 +
New Jersey 3,840 839 - 1,165 206 -
New Mexicor ~ - 550 450 - 165 171

4
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. . il
7 Enroliments ‘ , Graduateg
“ political Unit -

Projected? Actualb Conformity¢- Projected? Actualb Conformityc
) \ ) )

New York 9,790 /) 13,886 ’ + 2,970 3,195

North Carolina 2,710 4 2,551 820 ' ) * 664 -

North Dakota 330 788 + 100 203 +

Ohio ) 54760 5,964 1,745 1,464 - -

Oklahoma ' 1,360 1,957 + 410 323 - ~

Oregon 1,130 3,098 + 340 51? +

Pennsylvania 6,350 4,980 - 1,925 . 1,42 -

Rhaode Island . 500 §42 - 1?0 65 - ’

South Carolina 1,370 2344 5 356 -

Sout:' Dakota = 370 : 258 - 110 37 -

Tennessee 2,080 - 639 - 630 116 -

Texas « 5,990 2,804 - 1,815 678 o

Utah 580 956 + 175 234 +

Yermont . 240 3!9 + 70 . 126 + , S

Virginia : 2,470 | 1,550 - 745 ~ 356 - * ©

Washingtoa , 1,820° 2,332 + 550 420 - @
*West Virginia 920 614 - 280 i53 -

Wisconsin ‘ 2,380 v 3,552 + - 720 958 + r

Wyoming % ’ 190 211 . 55 54 "

] ] \ _
. \ * ' '

qpata from Table 79, ' . ' B ~

PData estimated in many cases; see Appendix G.

CApparent surpluses (+) or deficits (-) .

of actual values when compared to model; s -

no entry indicates reasonable conformity - ' » ’ )
to model. : ,

Ay
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TAB1'E ‘81. --Compar1son of Modeled and Actual Values of Upper Division Enro]]ments and Baccalaureate Degree
‘. b Graduates in Eng1neer1ng Techno]ogy Programs. - .. . ¢ d .

T 4] LS
. -~ b
3. . L . .

. e Enroliments - Graduates
Polftical Unit ~_ . N .

"

. - - - Projectedd - .Actualb:  Conformity$ Projectedd  Actualb Conforn&? .

e - -
"l ’ by [N hadiEEN . S
Motal" u s . / D 25,055 , 20,132 b 11,220 * . 5,084 . -
. ) : ! L & . .
‘— \‘ . ~
... Alabama , L 470 .. 280 - 187 . .58 -
Alaska - b | 40 0 ) - 17 -0 -
Arizona 225. 743 -~ + 102 186 +
Arkansas 225 8 - 102 2 -
California - 2,450 1,276 - 1,105 344 -
Colorado . 265 326 + 119 . . 79 -
Connecticut 380 0 A= 170 0 ‘-
De1a\lare - 9 ) "0, - 34 0 -
-t 95 0 - 2 0 -
Flohda 845 : 81 - 3;4 13 5.
Georgia 570 493 - 255 55 <
~ Hawaii . 95 64 - '82 16 -
Idaho 95 0 - 42 "o -
I11inois 1,350 2;192 + 612 470 -
Ingiana 645 525 - 289 . 418 +
Iowa’? 350 0 - 153 . / * 0 -
Kansas 265 818 + , 119 < 170 +
Kentucky 400 236 - 179 ~ 27 -
Louisiana, 440 " 950 + 196 AN 321 +
Maine , : © 115 0 - 51 SRR -
Maryland » 3475 366 - 212 1586 -
Massachusetts . 710 478 - 315 70 -
Michigan 1,100 1,322 + 494 249 -
Minnesota - 475 © 198 - 212 84 -
Mississippi \ 265 42 - 119, 22 -
Missourd : , 570 322 - 255 . 83 -
Montana . 75 160 + . Y3 40
Nebraska % 190 80 - 85 30 -
Nevada . o " 55 ’ 0 - 25 0 v -
New Hampshire 95 0 =" 42 0 -
New Jersey 890 . 20 . - . 400 5 -
New Mextco , ‘ 135 o114 60 28- -
New York 2,260 1,240 - \ 1,013 342 -
North Carolina ‘ 630 128 - 281 19 -
North. Dakota - 4 75 0 - 34 : 0 -
3
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Enrolliments * ) Graduates
Political Unit v — : s
) Projectedd Ketual® ConformityC - Projected? - Actualb Conformity®
/L 7
~  Ohio ’ 1,330 1,183 - 595 -
Oklahoma - 310 2 - 136 4;? -
Oregon 265 588 + ‘119 136
Pennsylvania 1,460 © 543 - h 655. 162 -
. Rhode Island - 115 70 - 51 24 -
.-~ South Carolina 320 68 . 145 Y -
. South Dakota . 75 0 - 34 ’. 0 -
Tennessee - 475 942 + 212 242 )
_Texas . 1,390 1,270 - 220 190 -
. Utah . 135 897 + \ 60 202 +
Vermont 55 8 - * .25 2 -
« Virginia s 570 252 - 255 ﬁ63 -
Washington . 420 189 - - 187 ’ 44 < -
West Virginia ) 210 165 - 93 42" ' -
Wisconsin © + 550 1,333 + 246 ‘ -
] . 201
» Wyoming 40 0 - 17 - 0 -
4Data from Table 79 ‘ —
bpata estimated in Fnany cases; see Appendix G. ' . ¢
CApparent surpluses (+) and deficits (-)
of actual values when compared to model; '
J no entry indicates reasonable conformity )
to model. . "
»
b
P
1 _{
/ /}
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able -for either engineering technclogy enrollments or engingering N
technelogy graduates, hence, many of the "actual" values listed in

these,tables are estimates based on/bast trends rather thaty being

‘reporteéed data. - Por this reason, then, the tables may badly mis-

represent the relative effort, in some states g

~

Since the available dagg-related to enrollments in and graduates

from edgineering technology curricula'are often incomplete,” a method R

4
- has been dev:.sed to estimate these statJ.stJ.cs for use here. The ‘ .

method fs based on two dbremises:

)

o

v 1. From orne year to the next, enrollments at a partlcular

* institution db not change greatly, that is, a missing entry
for enrollment in 1970 is probably very nearly the same as
ta reported‘enrollment for 1969.

2. The ratio of total enrollment to graduates is sensibly a
constant with a numerical value of 3.64.

¢ L]

""The first premise was established by examination of all data which

were complete for consecutive years.” While some variations were
noted, i.e:, enrollments did not remain exactly constant, these
variations wefg’almost insignificant when total enrollments by
state were considered. The second premise was established by
computing this ratio "for all 1nst1tutlons which has complete data

-

om enrollments and- graduates for two consecutive years.

Data problems of the type illustrated in Table 82 are commonly
encountered. A college may, report enrollment but not graduates
(College A in the illus®ration), graduates but not ehrollment (College ,
B in the example), or neither enrollments nor'graduates (College C).
In the first two cases, the 3.64 ratio can be appropriately applied
to estimate the missing entry. In the third case, no estimate can

*

be made unless higtorical data, of some type are {%aildble. For

example, if College C had reported an enrollment of 180 for the pre:
vious year (or any previous year),” that figure would be assumed for

the current year; then graduates would be/;gmputed as before. =«

The results of such estimations are shown in Table 83.

f - e
, . Y
TABLE 82.--11lustrative'Example of TABLE 83.--I1lustrative Exampl'es
Data Problems. * of Estimates Used in
- L Solving Data Problems.
! Total Number of’ J Total Number of . :

InSHt"HO‘" Enroliment Graduates Instftytion Enrollment Graduates
College A 425 -~ [ college A 425 116
College B -- © 60 College B 218 ‘60
College C. -- --" Collgge C 1‘@0 49

YN}
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. ¥ .
No claims of reliability or validity are made for the technique,

~

and no estimates are available for the probable error in the results. -

-

The estimates generated, however, are believed valuable in presenting

¥ .
& general overview of the national enterprise in engineering technology .

education. . s )

Comments on Tables 80 and 81

$ . e .
An exahination of Table 80 'reveals that only 20 states have
enrollments in associate degree (or lower d1v1810n) englneerlng ‘
technology programs that ‘equal or exceed the enrollment called for
By the model; an‘even smaller number of states (15) produce a number

of graduates which equais or exceeds the number prajected. In the "
Unised States as a whole, enrollments would have to be increased by
approximately 1C percent to achleve the level deemed desirable. It

may aliso be 1mportan' that at least five states are providing for

less than cne-fifth their "gquoctas" of enrollment; where this is true,

a serious lack of educationa% opportunity exists. It is also inter-
esg;ng to observe that fhe more populous states--notably California,

New York and Pennsylvénia—-conform closely with the model.

The data 1in Table 81 are even less engouraging. Only 12 states
rave enrollments in baccalaureate engineering technology prcgramé
tupper cdivision) that equal or exceed the model projections, and/
only 3 produce graduates in the numbers‘projected. Relative to pro-
jected neec, the educational opportunities existing for Haccalaureate @
study are proportionately far fewer than‘foy associate dtgree or
lower divﬁsion study. The national prodd@tion of graduates is less
than half that project§9 in the model.

¢

Summary and Conclusions

? © A statistical™model for engineering teﬁhnology educatlon suggests
that, 1in oFder to meet projected natlonal manpower needs‘for approxi-
mately 33,000 college-trained technicians per year, abeyut 66,000 fresh-

men annually must enter engineering technology curryéﬁjz The model

allows for half of those who enter to graduate. If 3%,000 engineering v
technicians were graduated annually, the technical manpower gap which

has existed for decades would be closed. The model also provides

for 13, 200'of the 33, 000 annual recepients of associate degrees 1n N
engineering technology to seek baccalaureate degrees in that field ’

and pyedicts that 11,220 will attain the higher degree. The @otal

number of "college-trained" technicians (with associate or higher

degrees”) matches in the model the number of job opportunities expected

to: be évailable.

'

»
’ .
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The model carries with it implications for student enrollments
in engyneering technology education programs at various Pevels; it

also 1fplies an apportionment of these students on a state-by-state

basis.!

actua
[}
provi

‘Comparison of the projections of the detailed model with

data shows roughly how each state i§ meeting the challenge of

ing equally accessible educational opportunity in this curricular
¢ v

area7

/The projections of thg model are, in the case of most‘states,

modz%ately or ‘substantially greater than the actual enrollments or

gra/uétes in those states. The discrepancies are not uncorrectably

.
!

1ade§ progress can and should Jbe made toward achieving a more real-
i% ic match between educational efforts and manpower needs. ’
/' 4

/ — ‘
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. ARKARSAS

APPENDIX A
. '\ INSTITUTIONS TENTATIVELY IDbNTIFIED AS

‘ OFFERING ENGINEERING TECHNOLOGY
4 ¢ CURRICULA

Institutions Offering Curricula Which Lead to th Award of Associate
Degrees

-

ALABAMA

Gadsden State Junior College . e
Jefférson State Junior College

John C. Cmlhoun State Junior College
Snead State Junior College ‘
University of Klabama, Huntsville

ALASKA .
Anchorage Community College
ARIZONA

Arizona Western College

Cochige College

DeVr;LInsfitute of Technoiogy
an&%r Arizona College

Glendale Community College
Maricopa Technical College . ‘
Mesa College '
Phoenix College

w=bBouthern Stdte Colleje
Southwest Technical=¥nstitute

CALIFORNIA

Allan Hancock College
Amerjican River College :
Antelope Valley College
Barqfow Junior Cgﬁlege : .
Butﬁe College / s A

: Cab%illo College_
CefPitos Colrlege ] .
Chapot College ~

1 . L .
Chaffey College . - I

, . 1
Sue] =203 211 .

S




\ -204-

CALIFORNIA (Continued) s

City College of%§an Francisco
/ Cogswell Polytechnical College ,
College of Marin )
College of the Desert
College of the Siskiyoys
Compton College )
Contra Costa College
Cuesta College *
"Cosumnes River College
De Anza College
Jiablo Valley College’
East Los Angeles College ;
_E1 Camino éollege
Foothill College
Fresno City College
%ullerton Junior College
Golden West College §
Grantham School of Engineering
Hartnell College
Hegqld Engineering College
Humphreys College s
Los Angeles City College -
s .Angeles Harbor College
Log AnéeIes\?ierce College
Los Angeles Valley College
Mesa Community College
Modesto Juniér College
Monterey Peninsula College
Moorpark Coliege
Mount San Antonio College
Napa Col%gge ¢
Northrup Institute of Technology
Orange Coast College .
Pasadena City College R
Rio Hondo College o -
Sacramento City College
San Bernardino Valley College
*» San Diego Community College -
San Joaquin Delta College
Santa Ana College
Santa Barbara College
Santa Monica City College
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Santa ﬁosa College

Shasta College ‘

Sierra College (
Solano College

Southwestern College

Taft College

Ventura College

Victor Valley College .
West Hills College y ‘
'West Valley -College

Western States College of Engineering
Yuba College d

»

COLORADO

Arapahoe Junior College
Lamar Junior Colléée

Mesa College '
Metropolitan’State‘Collegé
Northeastern Jﬁnior College
Otero Junior College .
South Colorado State College'

CONNECTICUT ¢

Hartford Stdte Technical'Cgllege'

Norwalk State Technical College .
Thames Valley State Technical College

Ward Technical ‘Institute

Waterbury Technical Institute \
DELAWARE

Delaware Technical &€ Community College
D.C.

w?shington Technical Institute

FLORIDA

Brevard Junior College -

Broward Junior

ollege

College

Junior College .
Edison Junior College n

Embry-Riddle Aeronautical University
Florida Junior College

Florida Keys Junior College 231 o

¢
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' FYQRIDA (Continued)

Ghlf Coast Junior College
Indian River Junior College
Lake City Junior College
Lake-Sumter Junior College
.Magatee'Junior College
ﬁassey Technical Institute
M%gﬁi-Dade Junior College-North
North Clearwater Technical Education Center
Okaloosa-Walton Junior College
Palm éeach\JQnior‘College
Pensacola Junior College ]
Polk Junior College ) o Njflf,
St. John's River Junior €ollege '
St. Petersburg Junior College
Santa Fe Junior College
- Tampa Technical Institute

'Valencia Junior College
GEORGIA

DeKalb College
Southern Technical Institute

HAWAII _ d
Maui Cémmunity Cgllege
IDAHO ,

Boise State College
Ricks College

ILLINOIS

Belleville Junior College.
Black Hawk College

Bradley University

Chicago City*College - fenger\
Chicago City College - Wright
Chicago Technical College
College pf DuPage - Glen Ellyn
Cgyne Electronics Imstitute
,Crane/Uunior College

DeVry' Institute of Technology
Highlands Community College
Tllinois Valley Community College
Industrial Engineering College
Joliet Junior College

\




ILLINOIS (Continued)

Kaskaskia College

Parks College of St. Louis Uni’rsity
Prairie State College )
Roek Valley College '
Sauk Valley College
Spoon Valley College

/

Thornton Community College
Wm. Rainey Harper College
INDIANA

-~
ITT Educational Services - Evansville

ITT Educational Services - Ft. Wayne
ITT Educational Services - Indianapolis

Purdue University

Tri-State College
Valparaiso Technical Institute

Vincennes University

IOWA

.

East Jowa Community College - Clinton
East Iowa Community College '~ Davenport
East Iowa Community College - Scott
Ellsworth Communitf College

Hawkeye Institute of Tecﬁnology
Iowa Central Community ‘;llege

Iowa State University Technical Institute

[Iowal Area XV Community College
Iowa Western Community College

!kirkwood Community College

- Marshalltown Community College
North Iowa Area Community College
Southeastern Community College
Waldorf College ’

KANSAS

.'‘Butler County Community Jr. College
Hutchinson Community Junior College
Kansas City Community Junior College

Kansas Technical Institute

KENTUCKY

.Ashland Community College
Eastern Kentucky University




. . . T e -208-_
*KENTUCKY (Continued) ,

* Henderson Community College ’ 'jr'

4 Lexington Technical Institute ]
. Somerset Community College N
Southeast Community College
Western Kentucky University {

v LOUISI%NA
\ " Delgado College ' t ; ' ‘ 2

-~ ;Norihwestern State College

" MAINE . . ¢ . .

Southepn Maine Vocational/Techmical Institute
University of Maine

MARYLAND | : -~ e

, .
Alleéany Community College
Anne Arundel Community College
Capitol Institute of Technology )
) Catonsville Coﬁm‘nity College
Charles County Community College
Community €ollege of Baltimore h %,
' Hagerstown Junior College ' e
// Harford”Junior College C £ '
M;ntgomery College

Prince Georges Community College

MASSACHUSETTS ' ’
v [ |

Blue Hills Regional Technical Institute

‘Berkshire Community College

Dean Junior College’ N

Frank}in Institute of ﬁoaton ‘\\

Gennesee Community College ) o . . ) \

Holyoke Community College

Lowell Technological Institute

Massasoit Community College o

Merrimack College _

Mount Wachusett
Mo Newton Junior
) North.Shore Co

' . Ngrtheasf nstitute of Industrial Technology
. Northerﬁ'fzzex Community College. ‘

College

College

Quinsigamond College
Springfield Technical Community College
‘ Wentworth Institute 21 (" L
¢ Southeast Massachusetts University = \;—f‘ -
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MICHIGAN

Delta College
Ferris State College
Flint Commuhity Junior Colleie‘
Grand Rapids Junior College
Hénry Ford Community College
“Jackson Community College
Kellogg Community College
Lake Michigan College
‘/Lake Superior State College
.Lansing Community College
Laurence Institute of Technology
Macomb County Community College
Michigan Technological University
Mpnroe County Community College
_Muskegon Community College
Oakland Community College
oSchoolcraft College -
Southwest Michigan College

Washtenaw Community College

MINNESOTA
&

-
Anoka-Ramsey State Junior College

"Austin State Junior College

Hibbing State Junior College

North Hennéﬁin State Junior College‘

Rochester State Junior-Collegeé
uthwest Minnesota State College

MISSIS\IPPI -

~

Jackson County Junior College

Jefferson Davis Junior College
-~ Mississippi Delta’Junior College
Mississippi Gulf Coast Junior College

>

Northeast Mississippi Junior College

Northwest Mississippi Junior College

" MISSOURI

[3

Central Technical Institute
Crowder College \ .
Findlay Engineering.College

Florissant Valley Qommgnity College

Forest Park: Community College
Jefdellege ‘
N . .

-
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MISSOURI (Continued) ~
Kansas' City Metro Junior College
Linn Technical ‘College
Meramec Community College
Mineral Area\College ’
Missouri Southern College
Penn Valley Community College

') MoNTANA ,
Miles Community Co?lege
N Northern Montana College |
NEBRASKA

‘
Central ‘Nebraska Technical College
Nebraska'Vocational/Teéhnical School
University of Nebrask%.- Curtis

University of Nebraska - Omaha

qutern Nebraska Vocational{Technical School

NEVADA

Elkd Community College ‘
Nevada Technical Institute

NEW HAMPSHIRE

+ M ‘;
- . New Hampshire Technical Institufe

r
New Hampshire Vocational/Technical College

R : o
NEW JERSEY ' )

Cumberland County College-

Mercer'Céhnty Community College

Middlesex CountyaCollege *

Ocean County C ge(//\ T m -

Union County Tethnicf@l Institute
NEW MEXICO

Eastérn New Mexico University .

New Mexico Highlands Unigersity

New Mexico Junior (Qollege

New Mexico State Uﬁiversity - Las Cruces
North American Technical Institute

Western New Mexico University - .
NEW YORK

Academy of Aeronautics
Adirondack Community College
Auburn Community College .

2’1\ LN
a . J




C-211-

NEW YORK (Continued}

Bronx Community College

Broome Technical Commumity College
Duchess Community College ,

Erie Community College

Fashion Institute of Technology
Fulton-Montgomery Community College‘
Hudson Valley Community College
Jamestown Community College

Mohawk Valley Community College
Monroe Community College

Nassau Community College ’
New York City Community College
NEw Yorf Institute of Tébhnology
Niagra County Community College
Orange County Community College
Paul Smith's College '
Queensborough Community College
Roc*s‘ter Institute of Technology
RCA Institutes

Staten Island Community College
Suffolk County Community College
SUNY/Buffalo

SUNY/ATC/Alfred

SUNY/ATC/Canton
SUNY/ATC/Cobbleskill
SUNY/ATC/Delhi
SUNY/ATC/Farmingdale
SUNY/ATC/Morrisville

Ulster County Community College
Vorhees Technical Institute
Westchester Community College

NORTH CAROLINA

-

Asheville-Buncombe Technical Institute
Brevard College

Cape Fear Technical Institute ,
Catawpa Valley Technical Institute”
Central Carolina Technical Institute
Central Piedmont Communit} College
College of the Albermarle -
Davidson County Community College

~-

Durham Technical Institute.
Fayetteville Technical Institute
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NORTH, CAROLINA (Continued)

Férsythe Technical Institute
Gaston College

Guilford Technical Institute
Isothermal Community College
Lenoir Community College

Pitt Technical Institute
Richmond Technical‘Institute
Rowan Techniold Institute
Southeastern Comﬁupity College
Surrey Community College
Technical Institute of Alamance -

* Wayne Community College

Wilkes Community College

*

Wilson County Technical Institute
W. W. Holding Technical Institute

NORTH DAKOTA

3

North Dakota State School of Science

OHIO '

>

A?érican Technical Institute

clacinnati Technical Institute ¢
Cldark County Technical Instjtute

Cofumbus Technical Institute

Cuyahoga Community College

Electrical Engineering Technical Institute
Frankli® University

Griswold Institute

IT? Technical Institute

Kertf State University

Lakeland Cammunity College

Lpfgin County Community College

Migmi University ‘- Middletown

Miami University - Oxford

North -Central Ohio Tec¢hnical Institute
Ohio College of Applied ‘Science

Ohio Technical College

Sincléir Community College

< Tri-County Technical Institute

[

Universify of Akron Community College

~University of Dayton Technical Institute .
Universiiy of Toledo, Community &€ Technical College

s

:
»
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* OKLAHOMA' ’

Connors State College

East Oklahoma State College

Murray State Coliege

Northeast Oklahoma A§M CoYlege .
North Oklahoma College .

Oklahomq:State University - Oklahoma City
Oklahoma State Umiversity - Stillwater
Sayre Junior College )

OREGON

Blue Mountain Community College

Central Oregon Community College

Lane Commynity College

Mount Hood Community College

Oregon Technical Institute

Portland Community College

Salem Vocational/Technical Community College
Southwest Oregon Community College -

Umpqua Cqmmunity College

PENNSYLVANIA
-

Bu¢ks County Communitychllege
Commurity College of Allegheny County
Community College of Beaver County '
Community College of Delaware County
Community College of Philadelphia
Harrisburg Area Community College

/’ Lehigh County Coﬁmun&ty College .
Luzern? County Community College
Northampton County Community College
Pennsyivania State University
Point Park College
Spring Garden College
Temple University Technical Institute
Williamsport Area Community College
York College of Pennsylvania

RHODE ISLAND -

Rhode Island Junior College
Roger Williams College
SOUTH CAROLINA -

Florencé Technical Education Center
, " Greenville Technigal Education Center




SOUTH CAROLINA (Continwed)

Midlands Technical Education Center
Palmer College

Piedmont Technical Education Center
Spartanburg Technical ﬁducation Center
Tri-Couhty.Technical Education Center

York County Technical Education Center
SOUTH DAKOTA

Lake Area Vocational/Technical School
Southern State College

TENNESSEE .

Chattanooga State Technical Institute
Nashville Stdte Technical Institute
State Technicalﬂggétitute.- Memphis

TEXAS

lo College
Del Mar Yollege
El Centrd College

111 Junior College
Kilgore College
Le Tourneau College
Lee Ccllege
San‘ Antonio College
San Jacinto Coliege
South Plains College
Tarrant County Jumior College District
Texarkana College
Texas State Technical Institute
University of Texa§/Aflington ‘

Wharton County Junior College

UTAH

Brigham Young University

Utah Technqltg

Utah Technological College - Salt Lake
Wbéjr State College '

ical College - Provo

VERMONT.

Vermont' Technical College




Y

VIRGINIA

S
[N

Blue Ridgf’Community College
Danville Commégity College . '

D. S. Lancaster Community College -

Fe?rum Junior College S ) \ %
John Tyler Community College

. North Virginia Commuﬁity Colregé !
01d Dominion University . -
Padford;Nublin‘CommunL%v Eolleze ‘
Tidewater Community College

Virginia Western Community Coll€}

Wytheville Commuhity College ’ ‘ i

WASHINGTON
' Centralia Collegé . -
Clark College
Columbia Basin Community College
Fort Steilacoom Community College
J Grays Harbor College

@reen River Community Co}llege

"Highline Community Collkge

Lower Columbia Collsg»d}e
Olympic Community College

\ “Peninsula Communitj College
Seattle Community College
Shoreline Community College
Skagit Valley College
Spokane Community College l .
Wenatchee Valley College. ‘
Yakima Val)ley College

WEST VIRGINIA v, ' .

Blue;ield State College

Fairmént State College

Potomac State College

West Liberty State College

West Virginia Institute of Technology

WISCONSIN

District Eleven Vocational/Technical ‘School
District One Technical Institute
Fond du Lac Technical Institute
Fox Valley Technical Institute
\~  Kenosha Technical Institute N9

~ t )

»
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Madison Area Technical College
Mid-State Technical Institute

Milwaukee’ Area Tech icai College
Milwgukee School ‘of Engineering

North Centﬁ?l Technical Institute
Northeast Wisconsin Technical Institute
Racine Technical Institute A
Rice-Lake Vocational/Technical School
bupericr iechnical Iné%;tute ‘
Waukesha County Technical Institute . . -
Western Wisconsin Technical Instituté

WYOMING , .

Césper College
Central Wyoming College
horthwest Community College

Sheridan College

OTHER ’

University of Puerto Rico

/

Institutions Offering Curricula Which Lead to the Aﬁ;fa of Baccalaureate
Degrees . ’ -

ALABAMA ' l';

Alabama AEM Untversity

Tuskegee Institute

-

ALASKA

ARIZONA

Arizona State University
DeVry Institute of Technblogy - Rhoenix

Northern Arizona University
ARKANSAS

John Brown University ’ =
CALIFORNIA

California .State College - Long Beaah'

California State.Polytechnical College -+San Luis Obispo
Northrup Institute f Technology

San Jose State College . . 7

AS
4
£

L

4




COLORADO .

Metropolitan State College
South Colorado State College '

CONNECTICUT ‘ -
DELAWARE

D.C.|'

FLORIDA

Embry-Riddle Aeronautical University
Florida A&M bniversity
University of South Florida

GEORGIA

Georgia Southern College

Southerr Technical -Institute

HAWAII

14

Church College of Hawaii
IDAHO
IRLINCIS

Bradley University

DeVry In§titpte of Technology =~ Chicago !
Eastern Illinois University

Industrial Engineering College

Parks College - St. Louis University
Southern Illinois University

) University of Illinois

<
INDIANA

Indiana University/Purdue University - Indianepolis

Purdue University

Valparaiso Technical Institute
IOWA
~ KANSAS

Kansas State College - Pittsburg

Kansas State Teachers College

KENTUCKY

Lastern Kentucky Uniz;rsity
Western Kentucky UniVersity




LOUISTANA

— A .

Louistapa Polyfechnic Institute
Louisiana State University o
Northwgﬁférﬁ'State College ~

So astern Louisiana College

H

Séuthern University

JUniversity of Southwest Louisiana
MARYLAND °

Capitol Institute of Technology
University of Maryland

MASSACHUSETTS

k)

. Boston Universitx
Lowell Technological Institute
F Northeastern University - Lincoln College
1 Southeast Massachusetts University

Wentworth College

MICHIGAN\ r /
// Northern Michigan University

Western Michigan University
MINNESOTA

Mankato State College
N Eoonhead State College
Southwest Minngigta State. College

University of Minnesota ’
4 .
MISSISSIPPI v .

Mississippi State University -
MISSOURL

Central Missouri State College
Findlay Engineering College -

/ Southeast Missouri State College

MONTANA ‘
Montara State UniQe&éé%y
- ,
NEBRASKA
Keafny State College
University of Ne%?ﬁska - Nmaha -

N

NEVADA
NEW HAMPSHIRE




NEW JERSEY
Montalair College
NEW MEXICO
New Mexico State University - Las Cryces

NEW YORK

-

New York Institute of Technology‘)

Rochester Institute of Technology

Syracuse University College

NORTH CAROLINA

North Carolina State University
North Carolina A&T University

University of North Carolina - Charlotte

NORTH DAKOTA

[4
OHIO )

Bowling Greeﬁ State Uhiversity
Cleveland State University
Franklin University

Kent State'University‘

Miami University '

Ohio Techical College

Ohio University g
Univergity of Akron

University of Dhyton
OKLAHOMA

Oklahoma State University
OREGON ‘

Oregon State University
Oregon Technical Institute

PENNSYLVANIA

Pennsylvania State University
Point Park College
Spring Gavden €ollege
Temple University
RHQDE ISLAND
Roger Williams College
SOUTH CAROLINA

South Carolina State College
—
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SOUTH DAKOTA
TENNESSEE -

Austin Peay State University-

East Tennessee State University 4,
Memphis State University

Middle Tennessee State University

i

Tennegbee Technological University
TEXAS

East Texas State UniversitQ\

Le Tourneau College ° #
Tekas AEM University *

Texas Technploéigal University

‘University of Houston
UTAH ,~ R '
Brigham Young Universgty
Utah State.University
. Weber~3tate College »
Southern Utah State College

VERMONT
University o% Vermont
'VIRGINIA

Hampton Institute

01d Domindon University

‘

WASHINGTON

' Central Washington State C lege
\\ Walla Walla College
Western Washington State CoNege

. WEST VIRGINIA ’

Bluefield State College
Fairmont State College

WISCONSIN

Acme Institute of Technology
Milwaukee School of quineering
Stout State University °
Wisconsin State University - Platteville

WYOMING™ ~
2D
~ D

OTHER

"ERIC
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APPENDIX B
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Please 1ndicate, by checking the appropriate 8pace, Ine extent

Curriculum Survey

MATHEMATICS

to which each of the following concepts or topics 15 treated in

your gyllabus for the Mathematics courses offered for students
If your course outlines
normally include additional topics please add them at the end

1n engineering technology curricula.

of the list

Please observe tﬁe following codes in checking spaces for your

response
.

= hot Covered

H
W

The Number System of Algebra
Sets

The natural numbers

The real-number system o

Fundamental Overations

The relation of eguality

Additian of monomials and
polynomials

Subtraction of monomials
and polynomials

Axioms and theorems of
multiplication

Law of signs for amultiplication
Lav of exponents 1n multiplication

Multiplication of twe Or more
expressions N

ndivision of algebraic expressions

Special
o= The
The
The
Fectoring

Proaucts and Factoring

product of iwu binomials
product of twostrinom:als
square of a folynomial

Factors-of-s quadratic trinomial

irinomials $hat are perfect squares

Factdrs of a binomial
Common factors

Factoring by grouping
Difference of two squares

-
ﬂ:scnons

Conversion of fractions
Multiplication of fractions
Division of fractions

, The lowest common denominator
Addition of frections
Complex fractigns

Exponents and Radicals

Nonnegative 1ntegral exponents
regetive integral exponents .
Roots of numbers

Ratipnal exponents

Conversion of exponential
expressions

The product and guotient of tuw.
radicals

Rationalizing monomiel deno. nators
Chenging the order of a redical
Addition of radicels

Additional oparations 1involving
radicals

Linear end fractional Equations

Jquivalent equations .
Linear equetione {n one unknown
Fractional equatione

sdiv?ng statdéd problems

ERIC

: Introduted Only

Brief Discussion
Covered 1n some Depth
Covered 1n Detail
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Quadratic Equations

Solution by factcring

Solution by completing the
square

Complex numbers
The quadratic formula
Lquations in juadratic form

Equations that involva radicals
of the second order

Problems that lead to quadratic
equations

Nature of the roots
The sum and product of the roots
Fectors of a quadratic trinomial

Functions and Graphs
Ordered pairs of numbers
Functions
Functional notation
Relations
The rectangular coordinate system
The graph of a function

The inverse of a function

Systems of Equations

/ch'l‘ﬂ'o'Nn two variables
6raphs of ¥quations 1in two variables

6raph of a quadratic equation 1in
two varlables

Graph of & linear equation in two
variables

Graphical soiution of a system
of equations

L]
Consistent, inconsistent, and
dep%pdcnt gquations

Algebraic methods of solution,
system of equations

Elimination by addition or
subtraction

Elimination by substitution

Elimination by a combination of
addition or subtraction and
substitution

Symmetric equations

Problems leading to systems of
equations

Problems solvable by means of
simultaneous quadratics

Elementary Determinant™s with Applications

— .
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Determinants of the second order

Solution of a system of two }indar
equations

Systems of three linear equations
Determinants of the third ordar

Solution of a system of three
linear equations

Compiex Numbers

Definitione
“fundapental opepations on complex

ers
Geitncal representation
Geometric addition and subtraction
olar representetién

The” product of two complex numbers
in polar form

The quotient of two complex numbers
in polar fomm

«De Moivre's theorer
Roots of complex numbers

TN

.

\
M
pad

P

<

[/,,-A-

‘1 2 3 4 5
GO0 N 05 BN SR I O
(101010 (1
(1 03101 ) i
(10101 ¢ 1)
L1 110101 0
(1 210101 11
(1 {10101 11
(] (101 1]
Ok NGOG

(111 11
(3 030301 1)
(1010101 11
(1010101 11
(O O I O O O I
(1 ¢1 0111 01
(1010101 0]
(101010 (]
(103 0) 01 €1
(rtyereyey
(10310300 11
(1010101 11
(110103101 11
(1 ey’
(110101 11
(1010104 01
(10310101 £
(1 1) 101 11
(10301010
rTc1 ey 0y e
L1 01 0101 11
(1010101 11
(101 901 )
(1010101 1]
(1010101 01
O I O I OB T OB B O
SHONTNSHEN
(1 110101 1)
(101010 0]
(101 1103 01
OHOHGEENS!
(110310101 11
(1 0y 0101101
() 0y o1 01t
(] (110101




Not Covered
Introduced Only S
Brief Discussion

Covered 1n some Depth

Covered in Detail

oW
PECECRC ]

Higher-Degree Equations

Rational-integral equations
) The remainder theorem
Factor theorem and 115 converse
Synthetic divi8ion
Graph of a pelynomial
Locating the roots
Number of Roots
Bounds of the real roots

Rational roots of a polynomial
equation r

The'depressed equat.on

Process of obtaining &ll rational
roots

Descartes's rule of signs
Imaginary roots

Irrational roots by <uccessive
magnification

Transformaticn of an equation to
decrcate 115 rosts

Horner's method ‘or determining
irrat:onal rocte

Identical pciyncrials
The cubic equatlion

The Quartic €guation

Inequaliticrs

Definiticns,
and thecrens

fundamental axioms,

Conditional inequal.ities

.
Ratio, Propgrtion, amd Yar.ation

o
Ratior 1 R
Proportion

Variatior

Logarithms

Definitions

»

Properties of logarithms
Approxirations

Scientific notatior

Common, or Briggs, Logarithms
Chara:‘ter.st 1¢ anc¢ martissa

Use of tab.es to obtain the
mantissa

Use of tables to find N when
log N 1s given

Logarithmic compJtat.or

Logarithms to bases other that
10

Exponential ang logarithmic
equations

The graphs cf 10g ,x and of a¥

Progressions
Definition of progressions
Arithmetic progressions

Last term.of an arithmetic
progression

Sum of an arithmetic progression

Simultaneous use of the formulas
for 1 and s

Arithmetic means
Geometric progressions

Last term of a geometric
progression

Sum of a geometr.c jpiugression

Simultaneous use of the formulat
for 1 and s

Ceometric means
Inrinite geometrfc progressions

Harmonic progressions

e -

Mu\atxcal Induction

2 3 4

—
—

—_—— -

(]
(1]

— ot —
o

(1-¢31 01 01 0]
(

i Method of mathematical induction

The Binomial Theorem

The binomial formula

The rth term of the binomial
formula

Proof of the binomial formula

Binomial theorem for fractional
and negative exponents.,

Definitions
The fundamental principle

Permutations of n different
elemerts taken r at a tire

Permutations of n elements
not all different

Cyclic permutations
Combinations

e A A A A A e A e e A M s
R i S
[ G U N e

(1

(1

(1

(1

(1

(1

(1 .
] Permutations and Combinations
(1

(1]

(1

(1]

(1

(1]

The sum cf certarn ccmbinations

—
—
—
—
—
—
—
—

Probability
* Mathematical

{Qabxl ty
Empirical prcbabrlity \k
Mathematical exjpeclation

Mutually exclisive events

— A
—_—— -

Independent everts “t

Dependent events -

Repeated trials of an evert

Determinarts of Order N

Inversions

Determinants of order n

Minors of a determinant
Properties of determinanis
Simplification of a determinant
Systems of linear egqud™ions

Katr..es”

Partial Fractions

Definitions and theorems

Repeated linear facturs
Distinct quadratic factors
Repeated quadratic factors

]

]

] .

] B Distinct lihear factors
]

]

]

Trigonometric Functions

Directed segments

—
—
—
—
—
—
—
—

The distance formula
Trigonomet rr angles
Standard position of an angle

Definitions of the tpigonometric
functions

—

Given one functiun, find the
. other functions

Trigonometric Functions of An
b Acute Angle

Trigonometric functions of
an acute angle

Corupctxons

Variation of the functaioms of
an acute angle .

.

The trigonomesrfc functions of
30°, 45°, 60

Tables of trigonometric functions
Interpolation

Approxinations-and significant
figures

The soldtion of right triangles

Angles of elevation and depression

P e e e e T e T T T e
e A A M A A e A A A e
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P e e T e e e i e B e B B I
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1 2 k] (] 5
(1010101 1)
(101 131 ¢ ()
SHENERENS
(101 11 01 ()
(103 13 01 ()
(101 131 €1 ()
(101 11 01 0]
(101 031 01 ()
() 01,01 €1 ()
0101 01 0
(103 01 03 ()
(1031 0} 0l ()
(1 1Y 11 01 ()
(1 130101 11
(101 01 €1 ()
(1 1) (%45 (]
(101 131 (1«0
(1 03-01 €1 ()
(1 01 031 01 0
(101 01 €1 (1
(101 131 01 01
(101 131 ¢ ()
(103 11 11k
(101 11 (1%
[1{1[1[1«1
(1011 13 10
(101 11 131 0]
(101 1101 0]
(101 01 01 1)
(101 01 01 ()
(101 1101 ()
(101 071 1) 1)
(101 01 01 1)
(101 11 01 ()
(101 01 01 ()
(101 01 ¢ ()
(101 01 01 11
(101 11 11 (7
(10111 11 ()
(101 01 01 0}
(101 11 01 (1]
SHORERENS
(101 €101 1)
(101 1101 ()
(101 11 13 01
(10101 01 ()
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' 1 * Not Covered v '
2 = Introduced Only . . °
= Brief Di f
‘2 ‘o .md ?ﬁ“:::i"uepm o v 1 2 3 Y 5 .
Ss Cov red in Detail ) :
.,' R N ' i Special Topi%s . s -
Triﬂm!:nethc Identities ¢ “ . The circular functions (1 clcltrl gl
The fundamental relations' . t1ct1 0103 £y Cirgular and exponential functions (3 01 01 c01¢01
Algebraic operations (101 §1 01401 Sgay " obladue triangles SASand [} (] (] (] []
L lfentaties and onditional (101010101 The law of tangents (1,01 0101 11
. Trigoncmgtric 1dentitits tlrrercrcy Agpgications of the law of tangents: [ ] ] ] [/1 L]
» « Related Angles ) : - The half-angle formulas 4 ] L1 C1T1 1
Related angles ” (1 010101 ¢01 A]f)plic;tions of the hald-angle (<1 t1 01 c01°07 -
Reduction to functions of an ormulas: SS8 )
acute angle ¢ l: .- Lgreoinreiceliocl ) The mi]l as a unit of angular measure [1 01 01071 (1
Trigonometric functions of ) ‘[ 101 [’]‘ [ Coordinatef and Lines
, negative angles Nusber systea ] [Ist ¥ (111 (3
Radian Measure - .. Rectangular coordinates © [1 [1 01 (1
The Radian (16101 1 01 Distance between two points (1 01001 L1 (1
Radians and degrees (1rryo1 el ol Point on the line joining two poants [ 1 [ 1 [ [1]1 []
Length of a circular arc . £l 1010111 Arga of ; traangle , N (1 cJ1cc1c01 0]
N Trigonometric functions of numbers [1 0[] ;{ 1 01 (1 Inelination 2nd slope OHONOHOHES
Linear and angular velocity (1101 1 0101 Parallel and perpendicular lines tJ1cycyecey ol
Graphs of the Trigonometric Funcnons . . Angle between two lines [1 €1 0101 (1
Periodic functions . (1010101 01 The locus of a point . (1 0101 ¢(0) 01
Variations of the sine and costne [ 1 [ 1 []1 L1 [] EQUQ}.XOH of a straight line L1 t1cr1rer1t (
Variation of the tangent L1 Y1 &1 101 Standard equation of lines [1 01 ]‘[ 101 .
Graphs of the trigonomgtric SO ONEHNS « Intersectign of lines® 0 T G R O O O O O A
y functions - Distance from a line to a point %iég :V[ 1 1001 (1
. Functions, of Two Angles ] - Fﬂily of lines 101 01°L71 (1
S . Functions of the sum of two angles [1] _[ 1010101 L;ngxghrough th tersect . ¢
» 0 N B adcs e ' L1 010101 (] oftwolm»se"""m ARESHSNSRE
Tan (A + B) | I O T O I O I Variahles | runcnons, and Limits -
Sa My P fr Ao Bhed T 1] 01 0] 01 0] Rateof,h SHENSRSNS
The con '
im0 o0 nodiEL 008D
Double-angle formulas (1 FY (L1 01 [ Functaons . . (1 0101101101
. Half-angle formulas (1010101 11 Limit of a function “ ’ [1 1 [_ 101 (1
Product to sum fomulas, sum to r1t ]. (1601 €1 - Continuity.. - ’ (L1 0101 CY 0
* product fomulas Infinity - r1c1 o1l el
Trigopometric Equatisns ° EREN ot Limit of & sequence . (101032101 (1
Trigonometni: equations 1l 1l ] Differentiation and Applicatipns ~
. Solvind® a trigonometric equation [1 €1 1 (1 ] Increndhcs 1" PR (101 ¢01 1071 €1
[alR Graphical Mcthods C e (10101 ¢031 1 Derﬁrutxve (1 0101 01 €1
-~ The Graph of y = a Sin bx 10101 111 Derivatives:of powers of x A ¢ ]‘[ 1010011011
Thaanhofy:aSian_x’c) Slgp of a curve < (1°0 )L L1.01 01
The Graph of ¥ = SanP x Velocity and acceleration’ |G I G A GO R G O G [
Sketching curves by composinon (Y (1 1l ) Maxima and minima [ 1 [1 0[] [lJ [1]
The Grpah of y = aSinx +bCosx [ ] [ T[] [] [] crifical points (1 ¢10101¢01
. SSlytion of Triangles L1 0101 0] (1% Highe derivatives d trr1 o161l
Solution of right triangles {1l ]. [1 0.1 (1 Points of inflect:o oncavity (111 r0xreil.
Vectors L. 01 030 () Applications of Maxima and Minima (10101001101
The law of siner (10101 1101 Differentials (10101 11
application: SAk % NSO OEEONES! Approximations :and errors M I R S RN ]
The ambiguous cae: SSA (1 101tr1re1rc1 Integration of Algebraic Morms ’
The Law of Cosines : Antidiffetentiation t1c) 11l
Applications: "SAS and SSS (1 01911011 Iptegphtion of ‘wgwers (1 01010101
The AN". o’: a triangle [1 01101 1«1 Con;tant of integration [1 (1] {[ 101 (1
L1 0101 °01 €1 Differential of area a1 101 01
Y Inverse Trigonometric Functions . (1111 01° Area‘as an integral - (10101 ¢01 1
« Inverse trigonometric funct °Z‘ (1 0101 ¢C1¢13 Calculation of areas 11}l ord
Principla wvalues of the { - . . .
trigonometric funitions Area as a limit M E L1 01eld O]
; Operations involving inverse - Definite integra 101 010101
. trigonometric functions i 1 E::: E ; E i E i ~ Fundaméental theoﬁ ~ L1 0101 ¢01 41
In,erse functions * Plln:d:reas in nctﬁngulu . C1 01 ], (113
. CO0! nates .
» Volunes, of .onds of Mvoxution (1 0101 1011¢01
(4 &
ot ) . ¢ '
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L
* 1 = Not Covered ¥
* 2 * Introduced Only .
- 3 s Brief Discussion ™
% 2 Covered in some Depth ‘
% z Covered in Detail - .
h 1 2 3 ] $ " Differentiation with Resject to Time
) Time-rates -
Applications of Integration v Sl1 0101 0T ] Curvilinear motion
. Moment of mass, cantroids Tangential and normal components
Centroid of a plane area N [y €1l 01 ¢l of acceleration .
Cantroid of a solid of revolutien tE1 010101 01 Angular velocity and acceleratior
i i 1 631 (1
Moment of inertia ’ E ‘} E '.}l E 101 ]’ Polar Coordinktes
Radius of gyration (1010101 €1 Polarscoordinates
Moment of inertia of an area « Locus of a polar equation ,
Ho:n; of inertla of a solid of ¢ DL ONOEY Intersection of polar curves
e 17101 13 01 01  Angle between the rasis vector
Fluid pressura ] and tangent
vork SHON IS '
4 -~ - . Differential of arc
Differentiation of Algebraic Functions . Curvature
Formulas for differentiation L1t ]. (101l Radical and transverse components
Differentiation of implicit functions (1101 101101 of velocity and acceleration
Equations of the Second Degree . Mﬂ
The graph of an equation t1 01010101 Lamits
- L}
Equations of the second degree [1] '[ 101 ¢1 0 Rolle's theorem
The cirole t1c1 10101 Law of the mean
Circle determined by three conditions (1 03y 10101 Cauchy's theorem
hd Radical axis - [1 [_] [ (1 ‘[ ] Treatment of indeterminate forms
. The parabola - tJrrorolcl Curve Tracing s
; Another construction of a parabola ¥ st 011 ryrd Graphs of curves in rectangular
General equations of a parabola O I O N G0 RGP B O ﬂco?rdmates
Parabolas determined by three [y clcyltrl 1 Oghquetasymptotes determined by
conditions nspection -
The ellipse [ I O I O I O I 4 Asymptotes to an algebraic curve
Another construction of an ellipse (1.01 01 (1] [] Singufar points of algebraic curves
General equations of an e}lipse (101l 101 (1 Summary of curve tracing
Ellipses determined by four conditions t1rrey el 1 Intagration P4
’ The hyperbola - . trry 1ol ] * Formulas of integration
Asymptotes (111 ert Integration of powers
General equations of a hyperbola 11l el ] Integration of exponential functions
Hyperbolas determined by four t1rl1c1tcel ol Integration of Trigonometric
conditions ! 9 111 03 functions -
Translation of axes . (1t ( Transformatioms of trigonometric
1010101 {1 integrals
L Rotation of axes ( » £
* Int 1
Line tangent to a conic E ; E i E 1 [[ ; [[ 1 ?u:g:;o:SEIVIn? inverse trigonometric
Poles and polars ~ tl1r1c01c01¢c) Additivnal formulas of integratibn
Tangents to & conic Improper integrals
Differentiation of Transcendental Integration by parts
Function# Algebraic substitutions
Transcendental functions t1 010101 01 . )
trigonometric Trigopometric subs titutions
P;oug:::;:: of g (1 t101 101 (1 . Integr:a‘non of rational fractions
Limit of (sin 8//9 (1010101 01 Hiscellaneous substitutions
Derivatives of trigonometric (101 t1c01 03 Use of int‘egratlon tables
functions Approximate i1nteégration
P;vpe:‘:ie! of imverse trigonometric ryryctylcelocl Trapezoidal rule
une ?m P . . @ mpson's rule _
rigonometric
) D;::\ZS;::. of rnverse ¢ (101 03 01 [ areain polar coordinates
Exponential and logarithaic (10101 031101 Length of a p}ene curve
functionse . Centroid and moment of inertia
perivatives of logarithamic ~ (1010101 ¢ ] of arc -
functions ‘ Area of a surface oj revolution
Depivativas of exponential functions (1 01101 Volumes of solids with known cross
Summary and applications [1 (1 ¢ 1 sections .
. 3 ! Average value
Parawetric Equations, Curvature, and
Yoots . Infinite Series L
Parametric reprasentation (10101101 [‘] Bequences and series
h Darivativae in parapetric ford (1 010101107 Convergent and divergent series
. Diffarential of Arc length , t1clcd)ctl ol Theorems on convergence .
. Curvature ; t1-t1 01011 The intagral test
. Circla M.tun N [ ] [ ] [ ] [ ] [ ] Conpax-hon tests H
Canter O*UY‘VC'KUN (101010101 Ratio test
Evolutas . . trrrerod ol Alterpating series
‘Wewton's method - 1 010101 (3 Absolute and conditional
v - convergence
» .
; Power geries .
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Not Covered
Introduced Only
Brief Discussion

* Covered in some ‘Depth
= Covered in Detail \
N *
5
[] . 1 2 3 2 > Multiple Integrals
Expansion of Functions - o Double integrals
Maclaurin's ssries L1 Y )y ) ) Iterated integrals
Algebraic operations with power Iterated integrals in rectangular
series ()1 r1rcl g e coordinates
~ Dxifcrentxatx\.n an ration t1 101t ' (103 Plane areas by double integration
° pot.:er series i ] 101 1) Centroid and moment of inertia of
Approximation formulas derived (1t ( a plane area
f .
FOR power series 1 01 01 ) (2 Iterated integrals in polar
Taylor's series coordinates
Taylor's theorem L1 01 Y t) 1) Plane areas in polar coordinates .
. Hypenbolic Functions (101 €1 [ [}—’ Volumes by double integration
Definitions of the Hyperbolic (111 c1 01 N VOIHW,Q cylindrical coordinates
functions (1 t) ] [ Areas of curved surfaces
Identx?;es involving hyperbolic ’ (1 01 01 ¢] €3 Triple integrals N
.
D::nct ons . . R ¢ ] SE Iterated integmals ¥
ivatives and integrals o [) t {1}
B Iterated triple irntegrals in
. hyperbelic functions rectangular coordinates
The inverse hyperbolic func‘non.s (11110l Volumes by triple integration
Derivatives of,the inversé hyperbolic
functions 1 0) 001 ¢t1 1) Ci::::x:fo%r:v;;{;:nd moment of
Integrals leading to’ .
:ngrbilme;w::‘%mhsmverse <3 0 €)1 () (1 szl‘;“i‘:::?-als 1n cylindrical
Relations between trigonometric (1101 01,01 i Tripl 1 " 1
and hyperbolic functions SRS co:!‘;l;:::gra § in spherical coord
Geometric interpre-ation of )
hyperbolic fugctins Differential Equations
Solid Analytic Geometry 10101 0] ) lioluuons of dxfferen@ equations
. N 1fferential equations’ of first
Relﬂmulu. coordinates L0 I O N O I O I O order and first degree
Distance between two points {10101 ¢01 101 Exact differential equations
Pc:é:tpg?n::e line joining D I O I O I O I O | Linear equations of the’first order”
Direction of a line (Y 1 1 1 o) Equations reducible to‘:‘mear equations
Second order equations educxble to
Angle between two lines (1010101 03 first order
Locus of a point in space (1 0101 0) ) Applications of first order d¢ifferential
Equation of a plane (1 1)l td ) equations . .
Normal equation of a plane (1 0 )11t Linear differential equations of order n
Planes determined by three (3101 01 ¢ ]‘[ ] Homogeneous equations with constant
conditions . coefficients
Equations of a line G0 I G T 0 R O I Nonhomogemeous equations with constant
* Symmetric equations of a line [ ) ()1 ) 1 coefficients
Lquation of a surface C1 03 ) (] 0] Af:::::;;gns of linear dlfferennal
Quadric surfaces
: Vector Analysis
Partial Differentiation M [ L) () 1 1 _—mxon of Vectors
Functions of two o
variables "' Y 0 0 ) 3 Scalar gultiplaication of Vectors
Continuity Vector multiplication of Vectors
Partial derivctivls |G I O I O I O I Scalar triple product /
Geomatric xnterpretanon [} L1071 0] 1 ]‘ (] Vector triple product
partial derivatives Derivative %f a vector
Partial derivatives of higher [ L) )ty ) The gradient
erder
* di ence ’
Increment and total differential (11101 w3 The vergen
of a function The kurl of rotation
Approximations and errors (G0 R O I O I O I Summary of ¥ector differentiation
Total derivativs+ (10101 03 Line integrals
Chain rule for pqrtill derivniveu Surface integrals
Differentiation of implicit functione . Divergence theores
N T:g:t line and normal plane to a * (] [ ] [1 (] [ ] Sto‘kes's theoren
Mty rreyond) )
’ler-nl line and tangent plane(to a
surface (10l 11t
Maxima and minima
~ Differentiation of & definite integrcl[ lTrrrrrol ool
"Yaylor's series for t s of t o
variables function SIS NONE!
Sufficient condition for a maximum or [ ] o[ ] [ ] [-] 11
ninimum
’.
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” : p APPENDIX C

r
« ENGINEERING TECHNCLOGY EDUCATION STUDY

o Curriculum Survey
O"IH.XSTKY

. .
Please 1ndicata, by checking the appropriate space, the extenf to
which each 6f the followirg cCONCepts oh topics 1s treated in your
syLlabus for the General Chemistry course which is offered for
cn;im.ring technology students The Genera!’ Chemistry cours
for which rasponses are givan should be the oné taken by non-
Mion in case separate courses are offered for majors and non
ors If your course outline normally inclUdes additional

topics, please add them at the end of the list

. £
> -
&
. v I
£ §- o v
f ! J\, ’ g E \ § E
“ 4 }‘ v 0 e &
) L] - - -
. 8 3 - % %
1 - [ d L4
- - -t > >
N 2 £ 5.8 8
‘Classification of satter )y c) 3 0yt
Weight relatisns. conservation laws - ty'ty oot
Physical € Chemical changes 0 I O T G N ¢
S .
Chemical notation | G0 N G N G I G BN ¢
Atomic and Formula deight 1) )Y L)Y )t
Chemical eqpatiors ard Stoichiomerzi t t) 1) )¢
2
" Kindg of Elements <0 Y ) )t
~ Descript: Study of rt = .
np",@n;:‘lv! “’BQ::S ar . [ ] [ ] [ ] [ ] [
_— Binary Cospounds 7 («3 0 ) €1 ¢
Ternary Compounds M [0 I O I O I O N ¢
Fundamental Particies {7 )0 0)t
Kuclear Reactions . dt) ), 1)t
Notural Racisact.v.ty e 0,00 ) o

Artific:al Radizactivty
. Fission and Fus.or

Periodic Law

Atomic Structure [4 J Liquids - Gases - Sclutiors
Stable Electron Conf/gurat.ons “ () E) ©) 03 () van der wirls, Ion.c, Covalent,
P and Me*allic Solids .
ARlaly Metal: R I S RO I O O
. ie v Calculat.ons
Metale of Groups -1IX
anaIT1A * £ty ety g Charles' Law Ca.culations
» .
t::ynts of ciFips ViA o {1 () {3 ) (1 Idesl Gas Law Calculat.ons *
VIIA Y M N
b o Fores of Ernergy
Transition Llemerts ° | s () €1 o) ) 9 B
Specific Heat
Tlements of Src YA ¢ . 4 -
and VA “‘ . J t § t17 0 _.] Hegt of Fusion
- . M
Ionic Bond ” N Y L) L) LY [} Heat of Vapor.zat.on
Simple an% Cupplga Ions ﬁ < (] {Q] ) () [ ). Kanetic-Mclecusar Thecry
¢
, Electralysis ™ T 0) ) 03 L) 0], Bond Energaes -

Covalent Bond
A L]

Structure of *re Hydrogen ) ) ) €3¢
Molecuie +

" .
Other Diatomic Muledyles -

Covalent Bondz bt’ueer
Dissimilar Amcu

Pmporﬂns af CQV‘}.!D“ “v[ ) B L) (3 I
Compounds 1 a
Solvent-Solute lheromena )y ey ey o1t
, MLty " m e s
Frvezing P Depression and
" At Ling boine Eiivetien . SNBSS

% Calculations

Partially lonic Bonds

lonization of pPolar Molecules
Mydrogen Bonding
Redox Resctions of the Free
Llements
k4
Redox Reactions of Coapounds
Oxidation )hmbe. rs
]
Balancing Redsx Lquations
]
Activity Series ’
) '
Redox Lquilidria
) .
Arrhenius Concept of Acids
] and Bases
bl Bronsted-lowry Ccncept of .
Acids and Bales °
]
Lew:s Concep” cf Az.ds and
Bases
] .
Strengths of Acids and Bases
]
Bydrolys:is of Salts
1 .
Titration
]

Normal and Molar Concentration
Indicators

Acidic, Basic, and Anphoteric
)] Oxides

] Ac1d-Base Lquilibria

) pH Calculat.cns

1° Heat of Reaction

b Activat.on énergy
Free Lnergy
Enfhalp; and Entrophy
Hydrocarbons

b} Aliphat.c Hydrocarlogs

Arcaatic Hydrocarbons

]

] Reactions of Hydrocarbons
l’unthonally Substituted Hydrocarbsns

] Reactions gf Substituted

Hydrocarbons .

1 lonic Organic Mechaniams

P.rthu'y' tovalent Bcng: '[ ] 01 ) 1 [ ) Free Rad.cal Crianic Mechar.see
Electronegativity -, [) €1 ) ) [)] Sugers and Poiysaccharides
M r
Structure ©f Partielly Ionic- Fats
Partially Covalent Corpounds { '] ) ‘] t)r 6
\ Amino Acids and Proteins
Dipolar #oledules’ . t)y ¢ ) 3 0 »
" - Vitamins and Alvaloids P
« s ,
\ .
.
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()1 01 (7]
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()11 13
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t1 01
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’ APPENDIX D

ENGINFTRING TECHNCLOGY EDUCATION STUDY

. Curriculum Survey

~— PHYSICS

. N
Please Yndicate, by cheeking the eppropriate space, the ewtent
to which each of the f: owing cchicepts 1s treated in your
syllabus for the Physics course which is offered for students
in angineering technology curricula If your course outline
normally includes additional topics, plesse 843 them 4t the
end of the list.

Not Covered P
Introduced Only

Brief Discussion

Covered in some Depth
Covered in Detail

!x’unp—-
“onouon
(7}

2

Mechanics

Units and Systers ©f Measurement
Vector quantities
Vector

Representetion cf
quantities

Vector eddition

v
Vector gubtraction
Resclutior of Vectors

Component method of Vector
addition

Constant, irstartaneous, and
Averege Spced

Speed and veloc.ty
Accelerslion

Kingmat:cs c¢3.ations
Falling rtodies

Kotion in a vertical plere
Projectile and Rocket flight
lawe of mot.cn

Figst lav of me*ion
Second law of mction
Third law ¢f molion
Inertia and =mase
Force and mot.on
Mase and weight
Sliging frict.on
Coefficient of fr ction
Stetic friction
Rolling fr.oction™
Fluid fr.ction »
Equilabrium of a perticde
* Torque
Center of gravity

~—
H

Uniforw circule

Centripetal accelerez.or

sction

Centripetal force
Banked turns
Cantrifuga: force
Gravitat.on
Sravitetional field
Energy, definiticns
York

Power

Power Lasumun!

Ll B I R R N I N e e e el e e el e e e i T I B R R I I B BN

Kinetic energy

-~

Potential anergy
Conservetion of energy
Momentum end 1mpulse
Conservetion of momentusm
Collfsione

Angular messuremest
Angular’velocity
Angular acceleration
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Kinematics of Anguler motiom
Rotetional kinetic energy
Mement of inertia
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Torque and angular ecceleration
Angular somentum

Simple Machinee

Mechanic&l edvantage
Efficiency

Dunaity

e e e

Wave Motior

Elasticity

Young's modulus

Shear modulus

Lk modulus

Pressure

Hydraulic press

Pressure and depth
Archisedes' principle
Fluid flow

Bernoulli’s equation
Elastic pctential energy
Simple hermonic sotion
f(u pendulum

Kinematics of v‘.brn!‘c'ny motiocn

Acoust.cs

Weater waves

Longitudinal and transverse
waves

Weve speed and engrgy
$randing waves
Resonance

Sound_ -
Musicel Sounds '
Accustical ettenuation

Sufnuonic waves '

Doppler effect

Heat

Z c’g/ -229-

u

Temperature

Heat

Specific heat capacity
Change of state

Calorimsetry

Mechanicel equivalent of heat
Thersal expansion

Vcluss exXpansion

Boyle's law

ChalNes's law

ldeal gas law

Kinetic theory of gasee
Kinetic theory of matter
First law of thermodynamics
Second law of therdodynamics
Carnot engine ™

Cernot efficiency »

Ste angines

Internal combustion enginee
su!hu:'l mechenics
Comduction

Convection

Radiation

The refrigerator
Thermodynamics of refrigeration

t, Optics

Huy;on‘l%rin:iplc
Reflection

Plane airror
Conceve mirror
Convex mirror

Image formation
Mirror squation
Magnificetion .
Sphericel aberration
Snell's law
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Not Covered
Introduced Only
Brief Discussion
Covered in some Depth
Covered in Detail

wE WA
[TRTIE L)

-

Index of refraction
Apparent depth

Total internal reflection
Lenses

Image formation

The 1
The eye

equation

. The sicroscppe

e telescops

Lene, aberrations N
Diffrection

The double slit

Color, Spectrs and Spectrosetry
Diffreaction greting
Polarizetion

Elericity and Magnetisa

Llectric chargse
Coulomb's law
Multiple charges
The electiric field

e e E}eetete fi1eld of & point

charge

Llectric lines of force
Potential difference
Flectric curvent

Oha's law

Mesist.vity

Resistors in combinarior
Electrical power
s Electromotive force
Kirchhoff's Tules
lonization and re-ombinatior
Polar moledu.os
Electrolysis

Eleciroches:cal equivi.er?
and electrodepos.ticn

Chemical sowrces of electric
energy

Dry batteries

Storage batteries

Fuel celis

Capecitance 1

Energy of & charged fapacitor
Plectric anergy dens.ty
Plelsctr.c constant

Charging & upli:or
OsTsted’'s experiment
Ragnetic
Magnetic
Ragnetic
Ragrnetic
Eyoteressis

induction

field of & current
properties of satter
intgnsaty

Torce on a ¢ur~ent
forcs between two currents |
Behavior of charged perticles in
& magnetic faeld
Force on a current loop
Galvanometer
Ao tet
Yoltmater
DC ele motor
‘Hc.mdc poles
Taradey's law
. The betstron

Moving wire in & sagnetic
field

AC.generator
DC.genaretor
Back eaf
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s

Jrasformser

Inductagre

Solencid

Srowth and decay of currert
Magnetic potentie)l ensTgy
Magnetic energy density

— e

d

Electricel oscillaticne

Effective current end -
voltage

Pbase relations
Inductive resctance
Capacitive resctance
Inpedance

Resonance

Power 1n AC-circuits
*n-ll‘s hypothasis
Flectromagretic wveves

Yqrieties of electromegnetic
waves

._,..41..4-_-..4._,._.._,._.

Electromagnetic weves 1in
comsunicat.ons

Aadiation pressire
-
Modern Phys.cs
b] Frames of reference
Special *hecry of relativity
Relativity and mass
H?.ll and enargy
Photoelectr:c effect
Quantum theory of light
X-rxys*
Matt¥r wvaves
Tncerta.nty pr.aciple
" Causality
The Ficlear mctel c¢f the e'om

Electron orti's
Atomic spectrs
Bohr atom

-~

e e e e e e o e e o e e

Lnergy ieveis ard spe<’ra
Atomit? exc. st.on

Quantum theory ¢f the stcm

Ebectron 53 -

Pericdic lev

Atomic structure

lonic bindarg

dovalent birdurg

Polmy mclecules

Strucbure of sxl.ds

VYan der Waa.'s bords

Metallic bond

Lnergy bands

Iapurity semiconductors

Semiconductor davices

1 1) tism

Mass spectromeier

Bl ecne

1sotopes

Binding energy

#uclear forces

dloactivity

{:l!-Mh

Buclear

Maclear

Bugjear
@ Muclear fusion

The neutrino

Antipartizies

—

rlutfoﬂl
fission
reactors
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APPENDIX E

AMERICAN SOCIETY FOR ENGINEERING EDUCATION

. ' + Buite 400— OMe Dupont Circle, Washington, D. C. ?0036

SYUDENT INFORMATION -

TO STUDENTS ENROLLED IN TECHNOLOGICAL CURRICULA:

4
I

The American Society for Engineering Education (ASEE) is conducting a national study of technological education.
Information is needed from students in engineering, pre-engineering, industrial t?chnology engineering technology,
and other techmcal programs. You are being asked to participate in this study by providing responses to the
questions below. The mformatlon you supply will assist ASEE in its study and w:il be greatly appreciated.

Your answers will be kept‘ strictiy confidential, and you wull not be personaHy idetrtrfied in any-way. Do not sign
this questionnaire.

1 Mg 2 Sex 3 Marital Status 10 What 1s your present grade point average in ail subjects? (Please use

the ‘fourpoint” scale, 1¢, A=4 8=3 C=2 0=1)
4 MName of school you now attend

. . 11 Basis of coilege admission (check one)
5 Regustration status (check one)  FullTime T Part.Time

4

2 &raduation from high school
‘

6 D« you attend any other colleges prewsously? It so, piease

b General Education Deveiopment test

name them scores of similer equivslency [

¢ Other T

12 How many years of each of the following subjects did you have jn
high schooi?

3. Mathematics
7. What 13 your present magpor’ )

b Physies A !

¢ Chemustry

[ - ,

) - 6 Brafting i N

. . -

§. What previous majors, (if sny) had yoy selected’
»

¢ Industrial Arts -

f Vogtml Education

&
- 9. If you ad anry changes of major, what were the reasons for the change? - 4 7062’"“' Education

- . .
—( = « 13 What whs your Tank in your high school class? (Check one)

A} L3 N [}

1 Upper Quarter O d Cower Quarter G

b Second Quarter ) . ¢ Unknown (3

- . g

¢ Third: Quarter [j - ‘ .

. - : i N7 \
- ERIC - I




15 What are your immediate plans uoon gradustion from the institution in

. which you are now enrolied? (Chech one explain where needed
3 Seek employment [
b. Contiue schooling [J Where’

¢ Mditary service (3

4. Other (Plemse explain) 2

A

[}

16 What, presently, 1s your c;rnr objective? (Professional or techallsl
smpioyment, management, teaching, operate your own business, atc)

17 How confident are you that the career objective named in stem 16 s
the one you really want? .
2 Pos:tm’:
b Reasonably certain —
¢ Moderately certain

d Mot sure, this 15 2 tentative choice only T

18 Aopr'onmately when in iife did you first decide on your career objective’

’

19 Who or what influenced you in making your career decision’ (Family,
high ;m%! counselo:, work experience, friends, personal interest, etc )
. K

/
. \

N,
20 Why did you select the schoof you are now attending? (its location, its
costs, recommendations or friends, reputation, etc)

ERIC . |
[A ekt iy s /

o'

21. in you opinion, how well is the program of studres
paring you for your intended carser? (Check on fnd” com
special strengths or weaknesses you perceive)

b Adequately O ¢ Insdequately O
Comment ' L
L

Y

How do you classify your home location? (Check one),

fw
schoo! pre-
t on any

2. Exceliently O

a Famm ory rural area [J
b Smail Town J \
¢ Large Town O
. d Small Gty O
e large City O
f Major Metropolitan Area
23 1f you could choose the environment.in which you work, which of the
‘home location” classifications of question 22 would be

3 Your first choice?

b Your second choice?

¢ The least preferred_’

24 What 1s {or was, your father's occupation®

25 in which of the following meathly income brackets do (or did your
pagents belong? 'Check 2ne;

/
2 less than $400 O

b S 40 $ 600 S
Vo S 600580 O \ .
d $ 80081000 3 i ‘

e $1000 - $1200 =
f $1200 $1500 7

~

g More than $1500 [

27 Approximately what percentage of your coilege expenses come from the
following sources’

3~ Famly

b Personal Funds

¢ VYeterans Benefits -

d Lloans L'

e Scholarships or Grants

f Other ____ Please explain




APPENDIX F )

;AMER!CA& SOCIETY FOR ENGINEERING EDUCATlO.N ' / .
T . - Suite 400—One Dupont Circle, Wa“!shington! D. C. 20036
' » ‘\‘ )
- GRADUATE INFORMATION
T0 GRADUATES OF ENGINEERING TECHNOLOGY CURRICULA: ‘.\

The American Society for Engineering Educatlon (ASEE) is making a nataonal study “of engmeermg

y technology education. You, as a graduate of an engmeermg’technology curriculum, can contribute
importantly to this national study by providing responses to the questions following. All information you
supply will be strictly confidential, you will not be personally identified in any way. Please complete the
guestionnaire as promptly as possible and return it 1n the postage-paid envelope provided. Do net sign
the questionnaire. °

1

1 What s your job title? e. Other. Please expiain

2 From what curriculum did you graduate?

12 wnst major reason(s) influenced you in your career decisions?
(Mark all that apply)
2 You were influenced by your father or other members
of your famng who were In similaz occupations )

3 When did you graduate? Month_ ' Yeag

4 Mow many different job tities mciudmg the current one) have you
! b You were in

held since graduation’
5 By how many different firms have you been employed’

€ If you are salaried or seif-employed what 1s your present monthly
salary? (Check one)

3 Less than $500 O e $801-$1000 [
b. $500 - $600 0O f $1.004-$1,200 O
¢ SSOI-S?W 0 g- Over 81200 [
d $701- O

T It you are an hourly employee w‘hat 1s your present hourly base

pay? (Check one)

a. Less than $250 ' 4 $401-3500 O
b $2.50-3300 e $501-3600 O
¢ $301-%400 O f. Over $600 J

8. What s your present age?

9 Have you had any educational or trammg experiences since gradua-
tion? Mark each rtem

Yes No
Inservice or on-the-job trammg provided by
employer O O
Courses in public or pnvate schools am-[u for
r and paid for by your employer _  _ _ O
Courses 1n public or private schools sewcted by
- you hut pard for—whoily or n part—by your
. employer _ . g - a
. Courses in public of prrvafe schools at your own
chowce and expense . _ .. -0 a
v 10 What was the purpose of the emution or trammg listed 1n item 97

{Mark each response which apphied)

Orientation and instruction in company policy (J
Acquiring knowielige directly needed on job [J
Acquiring skills directly needed on job 3
Prepatation for advancement to a higher position [
Expectation of seeking another position and employer 3
Seif.improvement only (]

Other. Please explain . .

L - N

11 When did you decide to enter your preset.n career” ’
. Before high school [ ¢ During college

-

2 d
b During high school (7 d. While employed eisewhere []

uenced by someone, other than a relative,
in thts occupation

c You were mﬁuence&')by 2 high sthool teacher or coun
sefor 7}

d You developed an interest while in ancther job [

e You developed an interest from newspaper, magazine,
radio or television articles or advertisements

f. Other Please explain

13 What mfluenced you in your choice of school in preparing for this
career? (Mark all that apply) —

Location

Tuition fees )

Advice from parents

Advice from high school counselor
information from friends
Publications of the institution (J

Other. Please explain

m P aAanoCCre

14 In your opinion, how well did your experience at your school pre-
pare you for your employment? Please comment on any special
strengths and weaknesses of your program as you now-see It.

a For your first employment b For your present empioyment

Excellently (O Excellently [

Adequately [ Adequately [

Inadequately [ Inadequately (3
Comments

-

15 Please study carefully the definitions of job activities at the back
of this questionnaire and then, complete the table on the following
page as it relates to your present job Admittedly, the list of ac-
tivities 1s long, however, your responses here will furnish highly
impertant data of fundamental significance both to the Engineering
Techhology Education Study and to the anstitution from which you
graduated In the middle five columns of the table, a check-mark
in the sppropriste square is all that is needed in the last column
of the table, enter 3 number from 1 to 40 as an estimate of the
hours per week spent in the major job activities, you need to make
entries oply for those activities which you identified as being per-
formed “about once per week” or ‘aily or nearly so.”
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CERIC

JOB ACTIVITIES FOR ENGINEERING TECHNICIANS

ARALYSIS: Using mathemafical expressions for predicting characteristics .
of machines, equipment, circuits, structures, or materials.

DUALD THINGS: Building Is, experimgntal machines, sjructures,
cicuits, equipment, ubm

hand and machine tools.

CALISRATION AN : Calibrating and adjusting instruments,
qlmadiina, or equipmeny in order to obtain mam I';lit;‘ of opera
CHECK BRAWINGS: Examining drawirigs done By others and ckecking for

ST0rS. Al - .

COMMUNICATIONS: Observing and reporting pertinent activities from

one area of your company to another, keeping each area informed of

the other’s activities.

COBRDINATION; Assisting in the solution of problems which «re shared

by two or more actrvities, such as engineering department and assembly

line or construction site and home office .

COMPANY TRAIMING: Attending fraining sessions Gf special schools as

part of the yob. R

COST ESTIMATING: Estimating costs for materals, labor, equipment,

equipment installation, and general expenses for a job.

CUSTOMER SERVICE: Following up on complaints and attempting to

satisty a.customer

BATA uzmm Recording t&t data, possibly including a sketch of

the testset-up. .

BERNY : Deriving mathematical expressions for predicting character.

istics /of machines, equipment, circuits, structures, or materiais

SESIGN: Planning, performing calculations, and providing sketches of

strugtures, machines, wquipment, circuits, components, parts, of tools

to s#tisty specifications on size, weight, function, condition. of opera-

tion,} or performance characteristics.

BESIEN ANCE: Assisting the design leader by performing calcula-
dgﬁ'g handbook data, determining standard components ard

. m or making sketches

BRAFVING—DESICN: Developing and drawing plans including layout,
asseniply, dimensions, tolerances, and materials for st res, proc.
esses,’. machines, equipment, components, parts or tool to satisfy
specifications on size, weight, function, conditions of operation, or
performance charactertstics.
DRAFTING—DETAIL: Preparing or modifying drawings of actual equip-
ment, machines, or structures, from design or layout drawings, sketches
of from omsite measuremedts. - L
QRAFTINE—LAYOUT: Pianning and drawing the arrangement of parts,
determining 'dimensions, tolerances, or component yalues using design
sketches or*caiculations. : -
EcvnA}a.!‘nef. Ierpreting test data bymmahng calculations to compare
performance tharacteristics with desired or expected peghbrm.
ance characteristies. 7
EXPEDITING: Keeping records which show the progress of a job Sched-
uling the arrival of materials, equipment, or tools so the job can
progress without delay.
EXPERIMENTATION: Using fundamental physical laws and relationships
to determine new materials or methods that cam be used fo improve
technological practices .
INSPECTION—MAINTENANCE: Inspecting machines, equipment, or struc-
tures to determine need for maintenance such as oiing, painting,
adsting, calibrating, repair, or replacement,
INSPECTION—QUALITY CONTROL: inspecting materials, components, ma-
chines, equipment, circuits, or structures in order to verify the quahty
or conformance with specifications. ’
WSTALLATION: Instaliing machines, equipment, or structures according
to layout and sssembly drawings and instailation instructions.
INSTRUMENTATION: Specifying the test equipment fixtures, and pro-
cedures required for testing machines, structures, circuits, equipment,
components, parts, or materials *
MANUFACTURING: Making, processing or assembling parts in the pro-
duction of structures, machines, circuits, or equipment.
MAPPING. Making topographical maps from survey data or from aerial
photoguaphs. -

MARKETING AM® SALES: Consulting with potential customers, showing
the capabilsty of your equipment, machines, or productssin sglvm their

€,
.

&

or components using a variety of -

, structures are not performing
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MATERIALS TESTING: Testing samples of materials such as metals, plas-.
tics, ceramics, wood, concrete, asphait, sand, or rock according to a
standard procedure.

METHOBS—PRODUCTION: Determining how parts of machines, struc-

tures, or equipment should be made and assembled.

METHOBS—QUALITY CONTROL: Developing methods for inspection, test-

ing, and evaluation of materials, components, circuits, equipment, ma-

chines or structures, either manufactured or purchased by your
company. !

MODIFICATION: Altering machines, structures, circuits, equipment, or

components using a vaniety of hand or machine tools.

MODIFICATION—RECOMMENDING: Making recommendations for changes

in the design of machines, structures, circuits, equipment, or com-

ponents.

OPERATING: Operating complex equipment or machines which require a

special operator because of their complexity.

PERFORMANCE TESTING: Testing machines, structures, circuits, equip-

ment, or components.

PLANNING AND SCHEDULING-- Planning apd scheduling the work of
others considering factors like availability jof matznals and manpower,
'QDOCIW of “facilities, sequence of operations, and reasonable time
imits ’
PLANT LAYOUT: Planning and drawing the arrangement of spaces, equip-
ment, or machines for a building, portion of a. building, or process.
PROCESS CONTROL: Adjusting controls to regulate a continuous flow
process in order to meet quality and safety standards. *
PROGRAMMING: Translating mathematical expressions or numerical data
into program language statements, electrieal equivalents, or coded in-
formation 1n order to operate tape controlled machines, computers, or
data processing equipment.

PURCHASING: Purchasing matenials, equipment, standard parts, of spe-

| items, specifying the exact requirements the company you are

JHying from must meet

TITY ESTIMATING: Estimating the quantity of materials required to
1ld components, equipment, machines or structures

RELIABILITY: Determining reliability data, such#as life expectancy or
dependability, for structures, machines, circuits, equipment, compo-
nents, or parts
REPAIR: Repiacing bad or worn parts andrassemblies n instruments,
machines, or equipment
REPORT WRITING: Summarizing job activities, for instance, a report on
a test could include apparatus used, procedures followed, test data,
calculations comparing actual with expected performance, curves, and
charts .

SPECIFICATION WRITING: Preparing documents which specify the ma-
terials and components satisfactory for use in products or structures
produced by your company -

SUPERVISING: Telimg others what to do and evaluating theif perform-
ance, °
SURVEYINC—INSTRUMENT MAN: Settingup and operating surveying
equipment, such as alidades, engjneer’'s levels, or transits, and keeping
notes, sketches, and records of work performed.

SURVEYING—RODMAN: Holding surveying rods at points designated by
the instrument man, marking points with elevations, making measure-
ments, and performing miscellaneous duties as directed -
FECHNICAL PUBLICATION: Writing or revising instruction manuaig, that
include information ke theory of operation, maintenance procedures,
and trouble-shooting techaigues .

TRAINING: Instructing others in the use or mante
instruments, or equipment or in fundamental concep
machines, instruments, or equipment. .
TROUBLESHOOTING: Determmmf why machines, circuits, equipment, or

ike expected.

VERBAL REPORTS: Describing job activities, for instance, reporting on

a test could include test set-up used, procedure followed, results ob-

tained, and problems encountered

WRITE PROPOSALS: Preparing written descriptions and cost estimates

of ways to satisfy needs expressed by customers,

WRITING CHANGE NOTICES: Writing instructions which describe design

modifications to machmes, structures, circuils, or equipment

WRITING STANDARD PRACTICES: Preparing written descriptions of meth-

, Or procedures in order to establish standard practicesz

-§ ,JJ

nce of machines,
relating to these

3




Froquengy of Parformancs of Activy

Less than
once per

once per /]
month

once per

Daily

nearly so

Hours
per week
normally
devoted to
this activi§ .

Building things

Calibration & Adjustment

Check Drawing

Communications

Coordination

Company Training

Cost Estjmating

Customer Service

—
Data Recording

Derrvation

Design

Design Assistance

Oratting, Design .

Drafting, Detai}

B

" Drafting Layout

Evaluation

Expediting

Expenmentation

Inspection, Maintenance

Inspection, Quaity Control

instaliation

Instrumentation

Manutactunng

Mapping

Marketing & Sales

-

Matenal Testing

Methods, Production

Methods, Qualrty Control

Modifications, Making

Modifications, Recommending

[ S -

Operating

Performance Testing

Planning & Scheduling

Plant Layout

4

Process Control

Programming

Purchasing

Quantity Estimating

+ -

Reiabiity

Repar .

Supervising

Surveying, Instrument Man

Surveying, Rod Man

Technical Publication

* Training

Troubleshooting

Verbe! Reports

Writing Reports

Writing Proposals

Writing Changs Notices

Writing Standard Practices

Writing Specifications

-
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”
. R ENGINEERING .TECHNOLOGY PROGRAMS .
" ACADEMIC YEAR 1969-70
Associate Degree Baccalaureate
. ’ ¢ Programs ’ Programs ‘~\\
' Estimated Estimated Estimated Estimated
Enrollments = Graduates Enrollments Graduates
o~
9
Alabama 243 63 280 58
Alaska . * 121 9 0 0 .
. Arizona - 2,078 34y - 7u3 186 .
Arkansas ~ 201 5% 8 N
California 10,336 2,582 1,276 34y
) Colorado 924 272 326 79 .
Connecticut 2,348 B4l 0 0
Delaware 133 28 0 0 . »
D.C. ) 385 106 0 0
Florida . \\H,OSB 798 81 13
Georgia 979 276 493 55 °
Hawaii . 104 28 B4 16 -
Idaho 213 59 -0 0
Illinois 3,172 917 2,192 470 .
Indiana 4,088 1,111 525 418
Iowa 1,453 414 0 0
- Kansas 579 137 818 170
Kentucky 251 36 2386 27
Louisiana 295 81 950 321
Maine 354 117 0 0
Maryland 375 230 366 156
Massachusgetts 5,230 1,745 478 70
Michigan ‘3,920 9uy 1,322 249 .
Minnesota 30 96 198 84 '
Mississippi 480 128 ¢ 42 22
Missouri 1,595 391 322 82
Montana 126 34 160 4o
Nebraska 1,380 677 80 30 .
Nevada 81 20 0 0 ) \
New Hampshiré 624 178 0 0
New Jersey. 839 206 %0 5 \
New Mexic 450 +171 114 28
New York 13,886 3,185 1,240 342
North Carolina 2,551 664 128 19 ° .
North Dakota 788 203 0 0 -
Ohio 5,964 1,464 1,183 436
Oklahoma 1,957 323 162 \ 37
Oregon — 3,098 515 588 1386 .
Pennsylvania 4,980 1,421 543 162 .
- Rhode Island 240 65 70 24
South Carolina 1,3ub 356 ‘ 68 16
- South Dakota 258 37 -, O - , 0 .
Tennessee 639 116 - 942 242
Texas 2,804 678 1,270 190
Utah 956 234 897 2Q2 J
Vermont 3u9 126 8 2
Virginia 1,550 356 252 63
ashington 2,332 420 189 by
. //zest Virginia 614 153 165 42
Wisconsin o 3,552 958 1,333 201
Wyoming ' 211 -~ sS4 0 0
2 35/—237- N '
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